Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


FINAL  REPORT 


FFECTS  OF  FREEZING  RATE,  STORAGE  TEMPERATURE, 
EMPERATURE  ABUSE  AND  STORAGE  TIME  ON  SENSORY, 
CHEMICAL,  INSTRON  AND  YIELD  PROPERTIES 
OF  GROUND  BEEF  PATTIES  WITH  SOY 


FINAL  REPORT 


EFFECTS  OF  FREEZING  RATE,  STORAGE  TEMPERATURE, 
TEMPERATURE  ABUSE  AND  STORAGE  TIME  ON  SENSORY, 
CHEMICAL,  INSTRON  AND  YIELD  PROPERTIES 
OF  GROUND  BEEF  PATTIES  WITH  SOY 


PREPARED  FOR  THE 

U.S.  ARMY  NATICK  RESEARCH  AND  DEVELOPMENT  LABORATORIES 
NATICK,  MASSACHUSETTS  01760 

AND  THE 

FOOD  QUALITY  ASSURANCE  BRANCH 
MARKET  RESEARCH  AND  DEVELOPMENT  DIVISION 
AMS,  USDA 


BY  THE 

MEAT  SCIENCE  RESEARCH  LABORATORY 
AGRICULTURE  RESEARCH  SERVICE 
U.S.  DEPARTMENT  OF  AGRICULTURE 
BELTSVILLE,  MARYLAND  20705 


CONTACT  PERSON:    B.  W.  BERRY  301-344-1994 


FEBRUARY  1987 


415648 


1 

PROJECT  PERSONNEL 


Meat  Science  Research  Laboratory,  Agricultural  Research  Service,  USDA 

Dr.  B.  W.  Berry,  Research  Food  Technologist 

Mrs.  Kathleen  Leddy,  Food  Technologist 

Ms.  Marilyn  Stanfleld,  Biological  Laboratory  Technician 


University  of  Maryland 

Mrs.  Sue  Douglass,  Research  Assistant 

Mrs.  Mary  Dunn,  Research  Assistant 

Mrs.  Janice  Callahan,  Research  Assistant 

Dr.  L.  W.  Douglass,  Statistician 

Dr.  D.  V.  Schlimme,  Associate  Professor 

Many  students 


U.S.  Army  Natick  Research  and  Development  Laboratories 

Mr.  John  Secrist,  Chief,  Animal  Products  Group 
Mr.  Joe  Smith,  Food  Technologist 


Food  Quality  Assurance  Branch,  Market  Research  and  Development  Division, 
AMS,  USDA 


Mrs.  Joan  Luck  Russ,  Chief,  FQAB,  MRDD 

Mr.  E.  Curtis  Green,  Agricultural  Marketing  Specialist 


2 

ACKNOWLEDGEMENTS 

In  a  project  of  this  size  (one  of  the  largest  ever  undertaken  by  the 
Meat  Science  Research  Laboratory)  there  are  obviously  many  individuals  and 
organizations  to  acknowledge  for  their  assistance  and  support.    The  task  of 
completing  all  analyses  of  this  project  on  the  very  strict  deadlines  would 
never  have  been  achieved  without  all  the  dedication  and  hard  work  of 
Kathleen  Leddy,  Marilyn  Stanfield,  Sue  Douglass,  Mary  Dunn  and 
Jani ce  Cal 1 ahan.    Also,  special  appreciation  is  extended  to  all  the 
students  who  filled  in  the  "gaps,"  often  on  weekends  to  help  with  this 
project.    We  greatly  appreciate  the  many  hours  spent  by  Dr.  L.  W.  Douglass 
and  his  staff  in  performing  the  statistical  analysis.    We  gratefully 
acknowledge  the  financial  support  of  John  Secrist  and  Joe  Smith  of  the 
Natick  Laboratories  and  Joan  Luck  Russ  and  Curtis  Green  of  AMS.  The 
members  of  the  taste  panels  deserve  a  special  recognition  for  participating 
throughout  this  long  project  and  we  especially  appreciate  the  efforts  of 
BARC  refrigeration  and  surveillance  personnel  for  insuring  that  the  project 
temperature  requirements  were  maintained.    Special  thanks  is  extended  to: 
(1)  Transportation  and  Refrigeration  Research  Foundation-University  of 
Maryland  for  providing  facilities  for  freezing,  (2)  the  Department  of  the 
Army  for  providing  storage  freezers,  and  (3)  Esskay  Meat  Processing  Company 
for  processing  the  product.    Finally,  we  would  thank  the  Word  Processing 
Center  for  their  assistance  and  especially  Judy  Adams  and  Ralphine  Andrews 
for  their  special  efforts  in  typing  this  report. 


3 

OVERALL  SUMMARY  AND  CONCLUSIONS 

The  imposed  sources  of  variation  in  this  study  seemed  to  affect  the 
attributes  studied  more  for  patties  with  soy  than  bulk  ground  beef  with  soy 
or  beef  roasts.    This  is  probably  due  to:  (1)  the  product  (patties)  being 
much  smaller  and  thinner,  and  (2)  the  amount  of  packaging  being  much  less. 
Advancements  in  storage  time  and  the  use  of  +20°F  often  were  responsible 
for  changes  in  product  characteristics,  however  freezing  rate  did  exert 
some  influence,  especially  for  tenderness  properties. 

Following  six  months  of  storage,  more  darkness  in  patty  pigmentation 
could  be  observed  for  patties  stored  at  +20°F.    Much  more  surface 
discoloration  was  noted  on  patties  stored  at  +20°F  vs  the  other  storage 
temperatures.    After  twelve  months  of  storage,  the  use  of  0°F  storage 
temperature  produced  more  discoloration  than  -10°F.    The  use  of  +20°F 
storage,  longer  storage  and  the  0°F  in  96  hour  freezing  rate  all 
accelerated  the  presence  of  off-odor.    More  freezer  burn  was  detected  with 
longer  storage  and  +20°F  storage. 

The  use  of  +20°F  especially  increased  TBA  values.    Product  from  the 
0°F  in  96  hour  rate  began  an  increase  in  TBA  values  early  in  storage,  while 
up  to  18  months  of  storage  was  required  for  the  other  freezing  rates  to 
show  major  TBA  increases.    Broiled  ground  beef  flavor  gradually  decreased 
with  time.    Just  the  process  of  freezing  increased  the  detectabi 1 i ty  of 
rancid  flavor  for  the  slower  rates  of  freezing.    Most  of  the  rancid  flavor 
was  associated  with  +20°F  storage.    While  the  incidence  of  rancidity  was 
high,  there  really  wasn't  an  increase  between  6  and  24  months  of  storage. 
Juiciness  decreased  slightly  with  storage. 

Probably  the  most  interesting  finding  related  to  this  product  were 
those  related  to  freezing  rate  and  sensory  determined  tenderness.  The 
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slower  the  freezing  rate,  the  less  tender  the  patties.    This  difference  was 
detected  well  out  in  the  storage.    Also,  freezing  in  itself  reduced 
tenderness,  with  obviously  the  larger  reductions  occurring  for  the  0°F  in 
72  and  96  hour  rates.    There  was  a  slight  tenderizing  effect  just  due  to 
storage.     Instron  measurements  reflect  somewhat  the  same  findings  for 
tenderness  as  the  taste  panel,  although  they  were  not  as  consistent. 
Actually,  the  0°F  in  96  hour  rate  produced  similar  values  to  the  faster 
rates.    Thus,  it  was  more  the  0°F  in  72  hour  rate  which  generated  Instron 
values  indicative  of  greater  toughness.    For  most  Instron  measurements,  the 
biggest  change  occurred  just  as  a  result  of  freezing,  which  produced  a 
toughening  effect.    In  contrast  to  the  sensory  panel  data,  longer  storage 
produced  Instron  values  indicative  of  a  toughening  effect.    For  modulus  and 
fail  energy,  +20°F  storage  increased  (toughening)  values.    Further  study 
will  be  necessary  to  determine  the  cause  of  the  toughening  effect  due  to 
slower  rates  of  freezing.    This  effect  was  also  noted  for  patties  processed 
without  soy. 

Losses  in  weight  due  to  freezing  were  slightly  more  for  0°F  in  96  hour 
frozen  patties  compared  to  the  0°F  in  24-  hour  frozen  patties.  Storage 
reduced  weight  by  about  1%  between  6  and  24  months.    The  biggest  change  in 
cooking  loss  occurred  just  as  a  result  of  freezing  which  resulted  in  an 
approximately  9%  reduction.    Cooking  losses  gradually  became  less  with 
advancement  in  storage  time.    During  cooking,  nonfrozen  patties  swelled, 
while  frozen  patties  decreased  in  thickness.    Also,  freezing  reduced  the 
amount  of  moisture  and  slightly  elevated  the  fat  detected  in  cooked 
patties.    With  storage,  0°F  in  96  hour  patties  had  less  moisture  and 
subsequenti al ly  more  fat  in  cooked  patties. 
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In  conclusion,  it  does  not  appear  that  +20°F  is  a  suitable  storage 
temperature  even  for  six  months  storage.     In  most  cases  -10°F  was  similar 
to  0°F  either  as  an  early  or  later  storage  temperature.    With  these  two 
temperatures  and  the  use  of  soy  in  the  patties,  in  most  cases  acceptable 
products  can  still  be  obtained  up  to  twelve  months.     In  terms  of  freezing 
rate,  there  are  some  indications  (color,  off-color,  TBA,  tenderness,  loss 
of  moisture)  that  0°F  in  96  hours  is  not  as  suitable  a  freezing  rate, 
especially  when  compared  with  0°F  in  24  hours. 
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INTRODUCTION 

Freezing  as  a  processing  procedure  is  often  a  necessity  for  meat 
products  that  must  undergo  transcontinental  and  oceanic  distribution  or 
must  be  purchased  far  in  advance  of  consumption  due  to  supply,  price  and 
demand.    These  situations  are  frequently  prevalent  in  USDA's  purchase 
programs  of  ground  beef  for  the  school  lunch  program  and  DOD's  procurement 
of  meat  products  for  military  establishments.     In  order  to  maximize  storage 
life,  certain  specifications  regarding  freezing  rates,  storage 
temperatures,  packaging  materials,  raw  material  whol esomeness  are  applied. 

One  of  the  specifications  required  in  the  processing  of  meat  products 
for  government  procurement  deals  with  freezing  rate.    Prior  to  1982,  the 
requirement  was  that  the  product  must  be  frozen  to  10°F  in  72  hr.    Based  on 
a  variety  of  information  sources,  this  requirement  was  changed  in  1982  to 
0°F  in  72  hr,  which  reflects  a  faster  rate  of  freezing.    There  were  some 
representatives  from  industry  who  indicated  that  this  faster  freezing  rate 
imposed  hardships  on  their  operations  and  placed  them  in  non-competitive 
positions.     However,  there  are  others  (processors  and  end-users)  who 
maintain  that  faster  freezing  rates  improve  product  quality. 

In  terms  of  defining  what  freezing  rates  were  actually  being  used  in 
industry,  a  nationwide  survey  of  meat  freezing  operations  was  conducted. 
The  survey  indicated  that  a  wide  range  in  freezing  rates  was  being 
practiced;  some  faster  than  the  0°F  in  72  hr  requirement,  some  slower. 
Thus,  it  was  decided  to  evaluate  for  this  project,  four  different  freezing 
rates;  0°F  in  24,  48,  72  and  96  hr.     In  preliminary  studies,  it  was 
determined  that  wide  ranges  in  time  (often  as  much  as  36-48  hr  to  reach 
0°F)  exist  within  a  pallet  load  of  meat  in  terms  of  when  0°F  is  achieved. 
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Thus,  in  order  to  achieve  the  uniformity  in  freezing  rate  required  for  this 
study,  it  was  necessary  to  freeze  product  out  of  the  boxes,  spaced  out  on 
wire  mesh  racks. 

Due  to  the  lack  of  supportive  literature  to  answer  the  effects  of 
freezing  rate  on  meat  product  characteristics,  especially  in  conjunction 
with  frozen  storage  time  and  temperature,  this  project  was  inaugurated. 
Four  products  (beef  roasts,  bulk  ground  beef  with  soy,  ground  beef  patties 
with  soy,  ground  beef  patties  without  soy)  were  subjected  to  the  above  four 
freezing  rates,  two  initial  storage  temperatures  (0°F,  -10°F),  three  final 
storage  temperatures  (0°F,  -10°F,  +20°F),  temperature  abuse  of  4  hr  at  85°F 
following  45  and  59  days  of  storage,  and  storage  times  of  0,  6,  9,  12,  18 
and  24  months  depending  on  the  product.    Evaluations  included  shelflife, 
microbial,  sensory,  instrumental  texture,  weight  loss,  chemical  and  cooking 
properties. 
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'•'ATF'MALS  AND  ■•iET!<ms 
Processln^j,  Frepzinc  and  Storago 

Thp  nvoral  1  project  -iesicjn  is  shown  in  Fiuurp  1.     Grounri  heef  products 
were  manufacturpd  at  a  local  meat  processincj  pstahl  i  shtopnt .     Ground  beef 
inyredipnts  and  product  fornulation  conformed  with  IISr)'\  specification  PPB 
2120.    Ground  beef  was  extended  with  20  percent  rehydrated  (2.5:1)  soy 
protein  concentrate  (Procon  20^0,  A.  F,  Staloy  Co.,  Pecatur,  Illinois). 
Four  batches  (1100  pounds  f)er  batch)  of  the  cjroiind  heef-soy  i:)roHLict  were 
processed  on  four  different  <iays,  over  a  four-v/eek  period.    Thp  final  fat 
content  of  each  batch  was  adjusted  to  meet  fefleral  interim  S[5eci  fication 
ppu  ?i?o. 

Following  the  addition  of  soy  to  the  formulation,  all  (matches  were 
processed  (Hollymatic  'IQO)  into  3-oz  patties  stackef:^  lb  high,  and  boxed  in 
36  lb  boxes.     Roxes  met  USOA  specification  PPB  llb3.     The  boxes  v/ere 
sj^eci  ""i ca  1  ly  constructed  for  ground  beef  patties,  dimensions  were 
l'-^"xl3"x7" .     After  boxing,  product  was  shipped  to  University  of  "aryland 
research  freezers  within  four  hours  of  processing.     At  the  University, 
stacks  of  patties  \7ere  removed  from  boxes,  divided  into  two  stacks,  eight 
higi'i,  anr!  placed  on  wire  racks,  specifically  constructed-'  for  the  project, 
wi  thirl  the  freezer.     Copper  constantin  ther'nocoupl  es ,  attached  to 
tei'ippraturc^  recording  'levices  (Campbell  Scientific  7,  l^'igitec  1000)  were 
inserted  into  the  geometric  centers  of  12  patties  placed  in  predetermi npd 
locations.     An  additional  six  thermocouples,  distribute:*  t'-^roughout  the 
freezer,  recorded  aml^ient  air  temperature.     The  freezer  thermostat  v/as  set 
at  a  ter'peraturo ,  predf^termi  ned  from  prel  i'-ii  nary  freezing  trials,  to 
achieve  0°F  in  24,  48,  72  or  06  hours.     Predetermined  t^mfjorature 
d''' justments  were  i^ade  at  specific  time  intervals  to  acln'eve  n  given 
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Figure  1.    Project  design. 
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freezing  rate.    All  thornocoupl e  tem()(^rfltures  were  monitored  and  recorded 
fiourly  throu'jhont  the  freezing  [)rocess. 

After  freezin(),  frozen  patties  \/ere  stacked  1^  tiigh,  reboxed  and 
placed  in  storage  at  0°  or  -10°F.     After  45  and  6(1  days  of  storage  at  these 
temperaturps ,  one-half  of  the  hoxed  product  in  each  rate  received 
temperature  ahuso  (P.n°F  for  four  fiours).     The  boxed  product  was  lai'!  on 
pallets  outside  of  the  lalioratory  to  simulate  ter-perature  abuse  encountered 
in  normal  military  distribution  channels.     The  to'^^perature  abuse  slightly 
thawed  the  product  surface.     Hn  day  60  of  frozen  storage,  all  [jroduct 
(abused  and  nonabused)  was  randomly  divide^  and  placed  into  one  of  three 
final  storage  temperatures  +2n°f ,  n°F  or  -in°F  for  6,  9,  1?,  IP  or  ?<! 
months . 

Sam[jle  Selection 

Two  boxes  of  j)atties  representing  each  freezing  rate-i  ni  ti  al -f  i  nal 
temperature  treat'ient  were  selected  for  evaluation  at  eacfi  stora(je 
i  nterva 1 . 

''i  crobi  ol  ogj  ca  1  Ana  lys  i  s 

Three  frozen  patties  were  aseptically  selected  fror'  each  box  (top 
patties  of  a  stack  v-ere  alv.'ays  excluded).     IndiviHual  patties  w^re  placed 
in  sterile  petri  dishes  prior  to  analysis.     Representative  samples  C^^.S  g) 
from  each;  of  the  tlircM?  patties  •./ere  combined  into  a  composite  sar'pl^  {2^  g) 
represent  i  n(j  each  box.     The  ?b  g  sample  was  diluted  with  ??S  n-l  of  peptone 
water  (1.0?',,  Oifco)  anf<  '^1  ended  two  minutes  in  a  stoii^acher  (Seward  f'o. 
400).     Serial  dilutions  ( 10"-^- 1 0"*^ )  \^ere  pre[)ared  from  the  blended 
sample-'  and  then  plated  in  duplicate  in  Tryptic  soy  agar  (Oifco).  Total 
aerobic  plate  counts  were  made  after  48  and  7?.  hours  of  incubation  at 
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Tahip  1.     'M  crnhi  n"!  ogi  ca  1  Proci^Hnres 


Dnant 1 ta  ti  vo 
^otoni  i  n  it  i  ons 


'.(-Ma 


PI atiny 


nr.iihat  i  on 


Con f  i  rriatory 


Aerobi  c 
nieso|)h  i  1  ps 


Aerohi  c 

jisychro[)hi  1  ps 


Stan^^a  rd 
Methods 
A.jar  (BBL) 

Standarr! 
'•ethods 
Aqar  fH^L) 


P()ur 
PI ates 


r'oi)  r 
p]  ates 


4°C/in  days 


''^rap  stain 


Jrain  stain 


13 

She! f1 1 fe 

A  trained  t.ean  nf  staff  riembers  nvaluatf-^  frozen  patties  within  the 
box  for  evidence  of  shelf  life  deterioration,     (.'•^an  color  and  surface 
discoloration  v/ere  evaluated  on  four  patties  rando(--ly  selected  from  tlie 
interior  of  (jatty  stacks,  while  freezer  luirn  was  ^v^^  1  uate'''  fron  t0[)  fiatties 
of  four  stacks.    Pff-nrior  was  evaluate'^  on  the  entire?  box.  Shelflife 
characteristics  ann  scorin'j  systems  are  outlined  in  Table  7. 
Cooking  f^ethodology 

Prelininary  cookinci  trials  established  predetermined  cookiny  tir^^s 
needed  to  achieve  consistent  •^e';]rees  of  doneness  afnon^j  conked  patties. 
Ground  beef  j)atties  were  cooked  directly  fron^  the  frozen  state  for  a  total 
of  seven  in'nutes  on  prefieated  electric  gri^^^les  (Farherware  -^?Fn  SP).  All 
patties  were  cooked  two  nn'nutes  per  side,  then  an  additional  t.hree  minutes 
witli  frequent  turniny,  to  avoid  excessive  browning.     Cooked  patties  were 
gently  blotted  prior  to  weighing  arid  cutting.     Degree  of  doneness  scores 
were  evaluated  immediately  after  cutting.    All  patties  achieved  a  degree  of 
doneness  of  ?  on  an  eight-point  photographic  scale  (-  -  very  rare,  1  =  very 
well  done). 
Percent  Yield 

Sixteen  patti'':>s,  randor^ly  selected  frof^'  each  box  werp  weighed  just 

before  and  after  freezing  and  after  frozen  storage,     i^oth  individual  patty 

and  complete  stack  weights  were  recorded.     Follo\-nnq  the  cooking  p^oce'^ure, 

individual  patty  ^-/eights  were  recorded  for  cooked  yield  deten'ii  nat  i  on . 

yield  =  10(1  -    frozen  weight  -  cooked  weight  x  IdO 

frozen  weight 
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Tahle  7.     Cha  ract'^ri  st  i  cs  and  scoring  systons  fnr  shelflife  evaluation 
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Sensory  Evaluation 

Four  j)atties  from  each  treatment,  were  randomly  selected  for  sensory 
analysis.    An  ei gtit-rienber  descriptive  r^ttrihute  [iane1  was  trained 
according  to  the  procedures  of  Cross  et  al.,  [I'^JP).     Panelists  receivfnl 
two  warp  pieces  (1/3  of  a  (;atty)  to  evaluate  for  initial  tenderness,  final 
tenderness,  juiciness,  ground  heef  flavor  intensity,  presence  of  ot'ier 
flavors,  connective  tissue  an^^  rriouth  coating  hy  nieans  of  an  eight-point 
structured  scale  (Table      .     Eight  =  extrer-ely  tender,  juicy,  intense  in 
flavor,  lacking  c^nm^cti  ve  tissue  and  niouth  coating;  1  =  ^xtrer'ely  tough, 
dry,  bland,  abundant  in  connective  tissue  and  very  pronounced  mouth 
coating.     Panelists  met  tliree  times  a  week  for  two  sessions  per  ^ay.  Each 
session  consisted  of  four  to  six  sam()les.     Serving  order  of  samples  v/ithin 
a  session  was  con'pletely  randor*.     Panelists  were  instructed  to  eat  melha 
toast  and  drink  warm  apple  juice  between  samples  and  they  received  a 
ten-ninute  break  between  sessions. 
Instron  Analysis 

Six  patties  per  treatment  were  randomly  selected  and  cooked  according 
to  established  cooking  [irocedures.     Cooko'^  [)atties  i-M^re  loosely  covered  and 
cooled  to  room  ter^perature  (?5°C).     Each  patty  was  trii^imed  to  a  6.f)  cn  long 
section  than  cut  into  four  equal  3.^  cm'^  (n'eces.     Each  piece  was  sheared 
with  a  straight  edge  shear  ^■'lade  attaclied  to  an  Instron  Universal  Testing 
'Machine  (''odel   IP^),  ecjuipjied  with  a  micro  [)rocessor  (''icrocon  II). 
Conf  i  tj.urati  onal  Measuremonts 

Frozen  and  cooked  patty  thickness  and  diameter  were  recorrled  on  all 
patties  cooked  for  Instron  analysis  in  order  to  ex(:ire5S  shear  data  as 
Newtons  (expression  of  peak  load  in  relation  to  sguare  patty  area  ^eino 
sheared)  and  to  evaluatf^  i^^tty  shrinkage  fnllov/ing  cooking. 
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Clinrical  '\nalysos 

Throo  frozen  patties  w-;'re  randoml^y  seloctp-i  fro'^'  eacli  box  ar)d  allov;od 
to  thai/  iiritil  just  (..'lialile  prior  to  analysis.     One  1*^  grai-  saii'i^le  fron:  the 
center       each  patty  was  analyzed  in  duplicate  according  to  the 
distillation  procedure  of  Tarladgis  et  al.  (1950). 
Expressihle  Juice 

Four  frozen  patti'^s  per  hox  were  selected,  ^ilaced  in  zip  lock  hags  and 
allowed  to  thaw  IZ  hours  at  ']°C.     One  hour  hefore  analysis,  sapplos  were 
allo\.^ed  to  warr  up  to  25°C.     '-'xpressihle  nioisturo  was  d'^ternined  fron  one 
sariple  (^dM)-6(in  r'g),  rop^oved  froi'i  tlie  center  of  eacli  patty,  according  to 
the  procedure  of  '."'i erhecki  anH  Oeatherage  (IQS'^O  with  modification 
described  by  Rriskey  et  al.  (1959). 
Percent  Fat  and  Moisture  -  Raw 

Twenty-five  patties  fron  each  box  were  selected  and  ground  three  times 
through  a  0.3  en  f)late  (Hohart  '151?)  in  accordance  i.'ith  A.O.A.C.  procedures 
(U^'^d).    Tfiree,  5-gran  samples  wer(-^  analyzed  froi'i  each  composite  sar'ple. 
Percent  cioisture  was  determined  by  v/eigl"it  loss  following  '^-l?  Iiours  of 
drying  at  100°r  in  a  vacuuiTi  oven  ''"recision  S?.''^) .     Percent  fat  was 
'ieten~in(?d  on  the  dri-^H  sarjdes  b}'  weight  loss  follov/ing  l*^-  hours  of 
extraction  with  ptetroleuni  ether. 
Cooked  Fat  arid  'ioisture 

Tv-'enty- f ou r  ijatties  i/ere  Cf)oked.  according  to  procedures  described 
previously  for  si^nsory,  yielf!  anr!  Instron  analyses.     Cooked  patties  'vore 
covered  tightly,  cooled  to  room  temperature  (?5°C),  ground  and  analyzed 
according  to  ;;rocedures  d^^scribed  for  raw  patties. 
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RESULTS  ANn  OISCUSSION 

Respective  freeziny  rate  curves  for  the  ground  beef  patties  with  soy 
are  shown  in  Figure  2.     The  0°F  in  'IR  hour  drip  was  somewhat  accelerated 
and  actually  had  a  temperature  rise  between  33  and  43  hours. 

Frequencies  of  occurrence  for  the  various  colors  on  patties  with  soy 
are  provided  in  the  next  series  of  tables.    Before  freezing,  there  were 
some  differences  in  color  scores  just  due  to  formulation  (Table  4). 
Product  manufactured  for  the  n°F  in  17  hour  rate  had  considerable  slightly 
dark  red  light  grayish  red.     After  six  months  of  storage,  there  was  a 
tendency  for  niore  of  the  liyhter  colors  (conversely  less  of  the  darker 
pigments)  on  temperature  abused  product  compared  to  nonabused  product 
(Table  5).     Following  six  months  of  storage,  the  use  of  +20°F  storage 
temperature  produces  more  of  the  darker  pigments,  with  this  being  more 
pronounced  the  slower  the  freezing  rate  (Table  6).    Obviously,  lighter 
colors  were  less  apparent  with  the  +?0°F  storage.     Following  twenty-four 
months  of  storage  -10°F  produced  more  clierry  red  color  than  l)°F  final 
storage  temperaturf^  (Table  7). 

Huring  storage  (up  to  twenty-four  months),  the  incidence  of  cherry  red 
color  became  greater  if  the  product  had  been  stored  at  -10°F,  while  storage 
at  just  0°F  decreased  the  presence  of  this  pigment  over  tifi'e  (Table  8). 
Light  grayish  red  color  became  much  less  observable  following  freezing  and 
was  variable  in  terms  of  frequency  as  associated  with  final  storage 
temperature  and  storage  time  (Table  9). 

Heneral  data  regarding  surface  discoloration  on  patties  (Table  10) 
indicates:     (1)  increased  discoloration  with  advancements  in  storage  time, 
(2)  increased  discoloration  from  using  +2n°F  temperature,  and  (3)  slightly 
increased  rate  of  discoloration  for  patties  frozen  to  O'^F  in  96  nours. 


1" 


f^igurp  3.     Freezing  curves  to  reach  '"1°^  ir)         <5P. ,  7?_  anil  Qf^  hours 
for  (jroiinH  beef  patties  with  soy. 


Table      4.    Color  scores  assigned  to  ground  beef  patties  with  soy 
according  to  freezing  rate  just  before  freezing^ 


Freezing  Kate,  hrs  to  U°F 


Col  or 

24 

48 

7  2 

96 

Dark  red 

1 

.90 

b 

.38 

0 

.00 

0 

,00 

Moderately  dark  red 

18 

3b 

10. 

7b 

7. 

41 

6 . 

b2 

SI i  ghtly  dark  red 

18 

.99 

19 

.3b 

40 

74 

23 

91 

Cherry  red 

b. 

U6 

5. 

38 

3, 

70 

/. 

61 

Moderately  light  cherry  red 

8 

.23 

1  1 

.83 

0 

.00 

13. 

04 

Very  light  cherry  red 

25. 

32 

24. 

73 

0, 

00 

18. 

48 

Light  grayish  red 

22 

.15 

22 

b8 

48 

lb 

30 

43 

Chi-square  =  40.19  P<JJ02 

^Values  are  percentages  of  scores  assigned  within  a  freezing 
rate  category. 


Table    5  .    Color  scores  assiyned  to  yrouiu)  beef 
patties  witii  soy  accordincj  to  temperature  abuse 
following  six  monttis  storaye^ 


Femperature  Abuse 


Color  T  N 


Very  dark  red 

U.yb 

Dark  red 

13.84 

^4.uy 

floderately  dark  red 

18.77 

I8.yu 

SI i  yht ly  dark  red 

17.91 

1 7.yy 

Cherry  red 

4.45 

3.U5 

Moderately  light  cherry  red 

^U.47 

19.8^ 

Very  light  cherry  red 

18.01 

1  1  .59 

Light  grayish  red 

5.59 

U.3U 

Chi-square  =  t)5.67 

^Values  are  percentages  of  scores  assigned  within 
temperature  abuse  category.     T  =  temperature  abused, 
N  =  not  temperature  abused. 
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Table     7  .    Color  scores  assigned  to  ground  beef  ijatties 
with  soy  according  to  final  storage  temperature 
following  twenty-four  (nonths  storage^ 


hinal  storage  teiiiperature ,  °F 


Col  or 

-lu 

0 

Very  dark  red 

0.36 

1  .;:1 

Dark  red 

1  3.b7 

1  6.6U 

Moderately  dark  red 

13.67 

1  b.uy 

SI i  ghtly  dark  red 

1  7.8b 

1  6.98 

Cherry  red 

1U.36 

Moderately  light  cherry  red 

1  y.64 

16.98 

Very  light  cherry  red 

1  y.^y 

^U.38 

Light  grayish  red 

6.36 

9.43 

Chi-square  -  17.67  P<.ul4. 

^Values  are  percentages  of  scores  assigned  within 
a  final  storage  temperature  category. 
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Generally,  following  six  months  of  storage,  +20°F  produced  more 
discoloration  than  the  other  two  rates,  although  this  was  not  the  case  for 
patties  frozen  to  O'F  in  72  hours  and  initially  stored  at  -10°F  (Table  11). 
There  were  some  indications  (Table  12)  that  0°F  rather  than  -10°F  produced 
more  surface  discoloration  following  nine  months  of  storage  for  certain 
freezing  rates,  but  the  differences  were  nonsignificant  (P>,05).  After 
twelve  months  of  storage,  more  discoloration  was  noted  on  patties  subjected 
to  the  0°F  in  24  hour  freezing  than  O'F  in  72  hour  freezing  (Table  13), 
Following  eighteen  months  of  storage,  the  0°F  in  72  hour  rate  again 
produced  less  discoloration,  but  only  if  the  initial  storage  was  maintained 
at  0°F  (Table  14). 

Increases  in  storage,  where  significant,  always  produced  more  surface 
discoloration  (Table  15).    Differences  in  discoloration  immediately 
evaluated  following  freezing  vs  that  scored  at  six  months  always  showed 
more  for  +20°F  stored  product,  but  in  some  cases  for  CF  stored  product  as 
well  (Table  16).    One  of  the  few  differences  between  six  and  nine  months 
was  the  greater  discoloration  found  on  the  surface  of  patties  frozen  to  0°F 
in  96  hours,   initially  stored  at  0°F  and  finally  stored  at  -10°F  vs  the  0°F 
in  72  hour  rate  with  the  same  storage  temperatures  (Table  17).  Patties 
stored  initially  and  finally  at  0°F  following  nine  months  storage  exhibited 
more  discoloration  than  patties  right  after  freezing.    Other  in i t i a  1 -f inal 
temperature  combinations  did  not  deteriorate  as  much  after  nine  months 
storage  ( Tab  1 e  18) . 

Following  twelve  months  of  storage,  all  in  it i a  1 -f ina I  temperature 
combinations  possessed  more  discoloration  than  that  observed  following 
freezing  with  the  greatest  discoloration  being  observed  for  product  always 
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Table     12.     Interaction  effect  of  initial   storage  temperature  and   freezing  rate 
on  sensory  scores  for  surface  discoloration  in  ground  beef  patties 
with  soy  following  nine  months  storage^ 


 Freezing  rate,  hours  to  Q°F  

Initial  storage 

temperature,  0°F  24  48  72  96 

-10  4.29  +   .19  3.50  +_  .19  4.27  +_  .19  4.06  +_  .19 

0  3.50  +   .19  3.69  +   .19  4.17  +  .19  3.50  +  .19 


^Interaction  significant   (P<.05)  by  analysis  of  variance,  but  not  by  HSD. 
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Table    13  .     Effect  of  freezing  rate  on  sensory  scores   for  surface 
discoloration  in  ground  beef  patties  with  soy 
following  twelve  months  storage 


Freezing  Rate, 

hour  s 

to  0°F 

24 

48 

72 

96 

3 

.49  +  .074b 

3.64  +  .074ab 

3.86 

+  .086a 

3. 

70  +  .074ab 

ab 

Means  on  the 

same  line  with  the 

same 

letters  are 

not 

d  i  f f erent 

(P>  .05) ;  Mean  +  S.E. 
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Table     14.     Interaction  effect  of  initial   storage   temperature  and  rate  of  freezing 
on  sensory  scores   for  surface  discoloration   in  ground  beef  patties 
with  soy  following  eighteen  months  storage 


Initial  storage 
temperature,  0°F 


Freezing  rate,   hours  to  0°F 


24 


48 


72 


96 


-10 
0 


2.87  +_  .22bc 
2.83  +  .22c 


3.42  .22abc  3.96  +_  .22ab 
3.04  +   .22bc      4.29  .22a 


3.54  +_  .22abc 
2.46  +  .22c 


abc     Any  mean  comparison  with  the  same   letters   is  not  different   (P>.05);  Mean  +  S.E. 


Table  15  .  Effect  of  various  storage  time  comparisons  on  sensory 
scores   for  surface  discoloration   in  ground  beef  patties  with  soy 


Immediately  before  freezing 

6.63  jt^  .11a 

Immediately  following 
freezing,    1  day 

5.45  jt-  .15a 

Immediately  following 
freezing,    1  day 

5.40  +  .34a 

Immediately  following 
freezing,    1  day  

5.45  _+  .13a 

Immediately  following 
freezing,    1  day 

5.45  +_  .073a 

Immediately  following 
freezing,    1  day 

5.40  +_  .29a 

9  months 

3.87  +_  .048a 

Immediately  following 
freezing,   1  day 

5.45  +_  .16a 

Immediately  following 
freezing,    1  day  

5.47  ^  .21a 

18  months 

3.40  +  .09a 


Evaluation  time 

Immediately   following   freezing,    1  day 
5.45  +^  .08b 

6  months 


3.15  .15b 

9  months'- 
3.58  .34b 

9  months"^ 
3.87  jt-  .13b 

12  months 
3.66  +_  .073b 

12  months*- 
3.60  +  .29b 
12  months 
3.66  +_  .048b 

18  months 
3.30  ^  .16b 

24  months 
2.89  .21b 
24  months 
2.89   +  .09b 


ab     Difference  between  means  on  the  same   line   significant  (P<.05); 
Mean  S.E. 

'-Includes   just   0*F   in  96   hr  product. 

•^Does  not    include  +20°F  final    storage  temperature. 
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maintained  at  0°F  (Table  19).    At  both  nine  and  twelve  months  of  storage, 
0°F  initial  temperature  produced  more  discoloration  than  -10°F  (Table  20). 
Following  eighteen  months  of  storage,  if  product  had  been  frozen  to  0°F  in 
either  1?  or  96  hours  and  then  always  stored  at  -10°F,  there  was  no 
additional  surface  discoloration  to  that  noted  right  after  freezing  (Table 
21).     Between  twelve  and  eighteen  months,  0°F  final  storage,  but  not  -10°F, 
produced  an  increase  in  discoloration  with  the  six  month  advancement  in 
time  (Table  22). 

General  information  regarding  off-odor  is  shown  in  Table  23. 
Advancements  in  storage  time,  the  use  of  +20°F  storage  tenperature  and  the 
0°F  in  96  hour  freezing  rate  all  accelerated  the  onset  of  off-odor.  After 
six  months  of  storage,  n°F  in  96  hour  rate  showed  more  off-odor  if  product 
had  been  stored  at  -10°F  final  storage  temperature  (Table  24).    This  was 
also  true  for  other  final  storage  temperatures,  but  then  the  n°F  in  96  hour 
rate  only  possessed  more  off-odor  compared  to  the  0°F  in  72  hour  rate.  In 
some  isolated  comparisons,  temperature  abuse  produced  less  off-odor  (Table 
25). 

In  an  interaction  of  initial  and  final  storage  temperature  with 
freezing  rate,  0°F  in  24  hours  produced  more  off-odor  than  other  rates  if 
the  initial  storage  temperature  was  -10°F  and  the  final  storage  temperature 
was  n°F  or  the  reciprocal  of  this  combination  (Table  26).     The  -10°F 
initial  temperature  produced  more  off-odor  between  nine  and  twelve  months, 
while  the  opposite  was  true  for  0°F  initial  storage  temperature  (Table  27). 
More  off-odor  was  noted  on  n°F  final  stored  product  in  contrast  to  -lU^'F 
stored  product  after  eighteen  months  of  storage  (Table  28).     After  both 
twelve  and  eighteen  months  of  storage,  the  0°F  in  48  and  72  hour  rates 
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Table  20.  Effect  of  initial  storage  temperature  on  sensory 
scores  tor  surface  discoloration  in  ground  beef  patties  with 


soy  fol lowing  nine  and 

twelve  montlis 

storage 

Initial 

stor aue 

temperature,  °F 

Evaluation  tidie,  months 
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significant 
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Table    22  .     Interaction  effect  of  storage  time  (twelve, 
eighteen  months)   and  final   storage  temperature  on 
sensory  scores   for  surface  discoloration   in  ground  beef 
patties  with  soy 


Final   storage  temperature,  °F 

Evaluat  ion 

time,  months  -10  0 
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ab     Any  mean  comparison  with   the   same   letters   is  not 

different  (P>.05);  Meanjf  S.E.;  Includes  just  0°F  in 
96  hr  and  nonabused  product. 
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Table     24.     Interaction  effect  of  final  storage  temperature  and  rate  of 

freezing  on  sensory  scores  for  off-odor  in  ground  Deef  patties 
with  soy  following  six  months  storage 


Freezing  rate,  hours  to  0°F 


Final  storage 

temperature  °F  24  48  72   96 
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2.85 

+ 

.089ef 

2.75 

+ 

.089def 

3.75 

+ 

.089abc 

2.67 

+ 

.089ef 

20N 

2.96 

+ 

.089de 

2.83 

+ 

.089ef 

3.00 

+ 

.089de 

2.40 

+ 

.08yf 

abcdef  Any  mean  comparison  with  different  letters  is  different  (P<.05), 
Mean  +  S.E.,  T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table    25 .     Effect  of  temperature  abuse  on  sensory  scores  for  off-odor 
in  ground  beef  patties  with  soy  following  several  storage 
periods 


Temperature  abuse 

Evaluation  time,  months 

T 

N 

3.00a 

2.80b 

9d 

3.60  + 

.077a                2.87  +  .077b 

ab  Difference  between  means  on  the  same  line  is  significant 

(P<.05).  Mean  +  S.E.  T  =  temperature  abuse,  N  =  no  temperature 
abuse . 

^  Includes  just  +20°F  final  storage  temperature 
^     Includes  just  0°F  in  96  hour  rate  of  freezing 
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Table    27.     Effect  of  initial  storage  temperature  on.  sensory  scores  for 
off-odor  in  ground  beef  patties  with  soy  following  several 
storage  periods 


Initial  storage  temperature,  °F 

Evaluation  time,  months  -10  0  

9C  3.40  +  .077a  3.08  +  .077b 

12C  2.93  +  .070b  3.25  +  .070a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05) 
Mean  +  S.E. 

^  Includes  both  temperature  and  nontemperature  abused  product. 
Includes  just  0°F  in  96  hour  rate. 
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Table    28.     Effect  of  final  storage  temperature  on  sensory  scores  for  off-odor 
in  ground  beef  patties  with  soy  following  eighteen  months  storage 


Final  storage  temperature,  °F 


-10  0 


2.58  +  .077a  2.25  +  .077b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 


1048Q,  p.  15 
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produced  less  off-odor  than  the  0°F  in  ?4  and  9^  hour  rates  (Tahle  29). 
After  twenty-four  months  of  storage,  n°F  final  storage  produced  more 
discoloration  than  -10°F  for  patties  frozen  to  0°F  in  ?A  and  48  hours,  but 
not  0°F  in  72  hours  (Table  30). 

Advancements  in  storage  time  produced  more  off-odor  on  the  patties, 
except  between  eighteen  and  twenty-four  months  of  storage  where  the 
opposite  was  true  (Table  31).    After  six  months  of  storage,  product  stored 
at  +20°F  was  generally  observed  to  have  more  off-odor  than  patties 
evaluated  immediately  following  freezing  (Table  32).     Exceptions  to  this 
were  temperature  abused  product  from  the  0°F  in  72  hour  rate  stored 
initially  at  either  0  or  -10°F.    After  nine  months  of  storage  when  +20°F 
had  been  eliminated  for  the  0°F  in  24  hour  rate,  all  product  finally  stored 
at  0°F  and  patties  stored  initially  at  0  and  finally  at  -10°F  had  more  off- 
odor  than  that  found  immediately  post-freezing  (Table  33).     Various  initial- 
final  temperature  combinations  did  not  differ  (P>.n5)  between  six  and  nine 
months  of  storage  if  the  freezing  rates  were  n°F  in  48,  72  or  96  hours 
(Table  34).    All  product  stored  at  0°F  and  patties  stored  initially  at 
-10°F  and  finally  at  0°F  possessed  more  off-odor  at  six  vs  nine  months  when 
the  freezing  rate  was  n°F  in  twenty-four  hours.     Between  nine  and  twelve 
months  (Table  35)  only  product  frozen  to  n°F  in  96  hours  produced  piore  off- 
odor.     However,  at  twelve  months  off-odor  was  as  intense  on  0°F  in  24  hour 
product  as  0°F  in  96  hour  product.     Also,  between  nine  and  twelve  months, 
off-odor  increased  on  the  temperature  abused,  but  not  nonabused  patties 
(Table  36).     After  twelve  months  of  storage,  for  product  frozen  to  0°F  in 
96  hours,  patties  stored  initially  at  0  and  finally  at  -10°F  had  similar 
off-odor  to  that  right  after  freezing  (Table  37).     In  a  comparison  of 
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Table    29.     Effect  of  freezing  rate  on  sensory  scores  for  off-odor  in  ground 
beef  patties  with  soy  following  various  storage  periods 


 Freezing  rate,  hours  to  Q°F  

Evaluation 

time,  months  24   48  72   % 


12  3.10  +  .07b        3.47  +  .07a        3.52  +  .07a        3.08  +  .07b 

18  2.12  +  .011b      2.67  +  .011a      2.92  +  .011a      1.96  +  .011b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.03). 
Mean  +  S.E. 


1048Q,  p.  14 
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Table  30  .     Interaction  effect  of  final  storage  temperature  and 
freezing  rate  on  sensory  scores  for  off-odor  in 
ground  beef  patties  with  soy  following  twenty-four 
months  of  storage 


 Freezing  rate,  hours  to  0°F 

Final  storage 


temperature,  °F  24  48  72  

-10  2.80  +  .10b  3.45  +  .10a        3.35  +  .14ab 

0  2.45  +  .10c  2.49  +  .10c        3.25  +  .14ab 


abc  Any  mean  comparison  with  different  letters  is  different 
(P<.05),  Mean  +  S.E. 
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Table     31.     Effects  of  various  storage  time  comparisons  on  sensory  scores  tor 
off-odor  in  ground  beef  patties  with  soy 


Evaluation  Time 


TmmoriT  at~£il  \7     1(^1  1  oXaJT  no    t  t"    ^  '7  "i  no 

XUllllCLl  X  d  L.  C  X  y      i.  kJXX  VJ  rr  J.  Ll^     J-LCC^XLlfc  j 

1 

day 

m     n  t~  h  0 
D    LflUn  L  lib 

4.00  +  .064a 

3.36  +  .064b 

1  Tn  m  O  /I  T    O  ^  Q   1  \7       ^/^l     1   ^TTTT^r*       -f^  -y  ^       r-r  t  -r-t  r> 

j.iiiiiicu.xd. Lcxy  i.ox_Lowing  Lreezing  ^ 

1 

day 

9  months 

4.00  +  .15a 

3.24  +  .15b 

XUUUcU.Xd.LcXy    XuXXUWXIlg    X  L  cc^ilXLlg  ) 

1 

day 

Q  Tnr\nt'V\c^ 
y  UiULLUilo 

4.00  +  .065a 

3.56  +  .065b 

Immediately  following  freezing, 

1 

day 

12  months 

4.00  +  .068a 

3.30  +  .068b 

XIllIIlcU.Xcl  LcXy     XUXXUWXLlg  XLcc/i.XU^j 

1  day 

1  /  montane" 

4.00  +  .19a 

3.09  +  .19b 

Tmmpdiatelv  followlne  freezin2. 

^  LULU              ^         L-  V_-  -i.  T         J.  \^  .A-  -A.  W  11  -L.  L^^S             J-         ^  "        •-^  ) 

1 

day 

18  months 

4.00  +  .11a 

2.41  +  .lib 

12  monthsS 

18  months^ 

3.10  +  .10a 

1.96  +  .10b 

Immediately  following  freezing, 

1 

day 

24  months 

4.00  +  .09a 

2.95  +  .09b 

18  months^ 

24  months^ 

2.75  +  .06b 

3.00  +  .06a 

ab  Differences  between  means  on  the  same  line  significant  (P<.05). 
Mean  +  S.E. 

^  Includes  only  0°F  in  96  hour  freezing  rate. 

*^  Does  not  include  +20°F  final  storage  temperature. 


^  Includes  both  temperature  and  nontemperature  abuse,  includes  only  0°F  in 
96  hour  rate. 

^  Includes  just  nonabused  product  and  0°F  in  96  hour  rate. 

S  Includes  just  nonabused  product.     Does  not  include  0°F  in  96  hour  rate. 

1G48Q,  p.  16 
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Table     36.     Interaction  effect  of  storage  time  (nine,  twelve  months)  aud 

temperature  abuse  on  sensory  scores  for  off-odor  in  ground  beef 
patties  with  soy 


 Temperature  abuse  

Evaluation 

time,  months   T  N 


9  3.60  +• 07a  2.87  +  .07b 

12  3.08  +  .07b  3.10  +  .07b 


ab  Any  mean  comparison  with  the  same  letter  is  not  different,  Mean  +  S.E., 
T  =  temperature  abuse,  N  =  not  temperature  abuse.  Includes  just  0°F  in 
96  hr  freezing  rate. 


1048Q,  p.  22 
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immediately  following  freezing  with  twenty-four  months  of  storage,  all 
i ni ti al -f i nal  temperature  treatments  for  0°F  in  24  hour  frozen  product 
exhibited  more  off-odor  than  right  after  freezing  (Table  38).    However,  for 
the  0°F  in  48  and  72  hour  rates,  most  storage  temperature  combinations  were 
similar  in  off-odor  to  that  noted  right  after  freezing. 

General  data  given  in  Table  39  for  sensory  (visual)  appraisal  of 
freezing  burn  illustrates  that  both  storage  time  and  the  use  of  +20°F 
storage  encouraged  the  development  of  freezer  burn.    However,  the  +20°F 
temperature  seemed  to  bring  on  more  freezer  burn  between  the  two  variables. 
Immediately  following  freezing,  more  freezer  burn  was  noted  on  the  patties 
from  the  slower  rates  of  freezing.    This  was  also  true  after  eighteen 
months  of  storage;  however,  after  six  months  storage,  both  0°F  in  24  and  96 
hour  freezing  rates  showed  more  freezer  burn  (Table  40).    Following  six 
months  of  storage,  -10°F  final  temperature  produced  less  freezer  burn 
(Table  41).    After  nine  months  of  storage,  there  were  some  indications  of 
more  freezer  burn  to  be  asociated  with  the  0°F  in  24  hour  rate,  but 
considerable  variation  existed  in  the  values  according  to  final  storage 
temperature  (Table  42).    The  use  of  0°F  rather  than  -10°F  final  storage 
temperature  produced  more  freezer  burn  at  both  eighteen  and  twenty-four 
months  of  storage  (Table  43).    However,  for  just  patties  frozen  to  0°F  in 
96  hours,  there  was  a  tendency  following  twenty-four  months  of  storage  for 
more  freezer  burn  to  appear  on  patties  constantly  held  at  -10°F  (Table  44). 

Advancements  in  storage  time  produced  more  freezer  burn  (Table  45). 
After  six  months,  for  the  0°F  in  24,  48  and  96  hour  rates,  various  initial 
and  final  temperature  combinations  did  not  generate  more  freezer  burn  to 
that  detected  right  after  freezing  (Table  46).    However,  for  the  0°F  in  96 
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Table     40.     Effect  of   fre  ezing  rate  at  various   storage   times  on  sensory 
scores   for  freezer  burn  in  ground  beef  patties  with  soy 


Freezing  rate,   hours  to  0°F 


Evaluation  time 


24 


48 


72 


96 


Immediately  following 
freezing,   1  day 

6  months 

18  months 


2.58  +_  .16b        2.51  +^  .16b        2.62  +_  .16ab         3.72  +^  Aba 
1.72  +_  .088b       2.26  +^  .088a      2.39  ;^  .088a         1.87  +_  .088b 
1.40  +   .16b         1.75  +    .16ab       2.26  +   .16a  2.08  +  .16ab 


ab     Means  on  the  same  line  with  different  letters  are  different   (P<.05);  Mean  +  S.E. 


Table  41.  Effect  of  final  storage  temperature  on  sensory 
scores  for  freezer  burn  in  ground  beef  patties 
with  soy   following   six  months  storage 


Final  storage 

temperature,  °F 

-lOT 

OT 

20T 

20N 

2.45  +  .088b 

2.70  +  .088a 

1 .43  +  .088b 

1.65  +  .088b 

ab     Means  on  the  same  line  with  different  letters  are 

different  (P<.05);  Mean  +  S.E.;  T  =  Temperature  abused; 
N  =  Not   temperature  abused. 
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Table     43.     Effect  of  final   storage  temperature  on  sensory 
scores   for   freezer  burn   in  ground  beef  patties  with  soy 
following  eighteen  and  twenty-four  months  storage 

Final  storage  temperature,  °F 
Evaluation  time,  months  -10  0 

18  3.70  +_  Ala  2.91  +^  .lib 

24  3.25  +   .17a  2.58  +  .17b 

ab     Difference  between  means  on  the  same  line  significant 
(P<.05);  Mean  +  S.E. 


Table     44.     Interaction  effect  of  initial  storage 
temperature  and   final  storage  temperature  on 
sensory  scores   for   freezer  burn   in  ground  beef 
patties  with   soy   following   twenty-four  months 
of  storage 


Final   storage   temperature,  0°F 

Initial  storage 

temperature  ,   ° F  -  1  (J  0  

-10  1 .38       .  14  1  .88       .  12 

0  1.91  +   .12  1.71  +  .14 


^Interaction  significant   (P<.05)  by  analysis  of 
variance,  but  not  by  HSD.     Mean  +  S.E.     Does  not 
include  0°F  in  96  hr  rate.     Includes  only 
nonabused  product. 


Tdble    45.     Fffpcts  of  various  storacjo  time 
comparisons  on  sensory  scores  for  freezer 
burn  in  ground  beef  patties  with  soy 


Evaluation  times 


Irimedi ately  following 
freezing,  1  day 


6  months 


2.86  +  .13a 

Immediately  following 
freezing,  1  day 


2,06  +  .13b 

9  months^ 


3.72  +  .25a 

Immediately  following 
freezing,  1  day 


1 .99  +  .25b 

9  months^ 


2.86  +  .14a 

6  months 


2.10  +  .14b 

9  months 


2.58  +  .059a 

Iniiriedi ately  following 
freezing,  1  day 


2.10  +  .059b 


1 2  months 


2.86  +  .1  la 

Immediately  following 
freezing,  1  day 


2.13  +  .lib 


12  months^ 


3.72  +_  .24a 

Immediately  following 
freezing,  1  day 


2.07  +  .24b 


months 


2.86      .1  7a 

Imnicd  i  ately  follf)wing 
freezing,  1  day 


1 .87  +  .1 7b 

24  months^ 


2.57  +  .12a 


1.7^  +  .12b 


ab    Differences  between  means  on  the 
same  line  are  significant  (P<.05); 
flean  +_  S.E. 

^Includes  only  0°F  in  96  hr  freezing  rate. 

^Does  not  include  +20°F  final  storage 
temperature. 

^Uoes  not  include  0°F  in  96  hr  freezing 
rate . 
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hour  rate,  +20°F  final  storage  teinperature  produced  more  freezer  burn  to 
that  scored  right  after  freezing.    The  same  situation  occurred  after  nine 
months  of  storage  whereas  all  temperature  combinations  for  the  0°F  in  96 
hour  rate  had  more  freezer  burn  compared  to  that  noted  just  after  freezing 
(Table  47).    This  was  somewhat  dependent  on  the  use  of  the  temperature 
abuse  treatment.     Patties  initially  and  finally  stored  at  0°F  and  receiving 
temperature  abuse  had  similar  freezer  burn  to  that  recorded  after  freezing 
(Table  40).    Again,  after  twelve  months  of  storage,  this  storage  time 
difference  of  0°F  in  96  vs  the  other  rates  was  detected  (Table  49). 

Aerobic  plate  counts  obtained  from  the  ground  beef  patties  with  soy 
are  given  next.     Values  generally  were  not  greatly  affected  by  the  study, 
although  there  was  a  slight  reduction  with  storage  time  (Table  50).  Since 
there  were  some  significant  (P<.05)  differences  in  bacterial  counts  in  the 
formulations  before  freezing,  data  adjustments  were  necessary  prior  to 
statistical  analyses  to  account  for  these  differences.  Following 
standardization  of  counts,  n°F  in  72  hours  produced  the  highest  counts 
after  freezing,  six,  nine,  twelve  and  eighteen  months  (Table  51).  At 
twelve  and  eighteen  months  of  storage,  both  0°F  in  24  and  96  hour  rates  had 
lower  counts  than  0°F  in  48  and  72  hour  freezing  rates.     Freezing  in  itself 
produced  a  slight  reduction  in  aerobic  plate  counts  (Table  52). 

After  six  months  of  storage,  +20°F  final  storage  had  lower  counts  than 
-10°F  and  n°F  storage  temperatures  (Table  53).     After  twelve  months, 
patties  subjected  to  the  temperature  abuse  supported  lower  bacterial 
numbers  than  patties  not  abused  (Table  54).     In  Table  55,  -lO^F  final 
storage  produced  lower  numbers  than  0°F  at  both  eighteen  and  twenty-four 
months  of  storage. 
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Table    51  •     Effect  of  freezing  rate  on  aerobic  plate  counts  for  ground  beef 
patties  with  soy  following  various  storage  periods  —  data 
adjusted  for  differences  prior  to  freezing 


Freezing  rate,  hours  to  0°F 


Evaluation 

time  24  48  72  96 


Immediately 
freezing,  1 

following 
day 

6. 

33 

+ 

.023b 

6 

.30 

+ 

.023ab 

6 

.50 

+ 

.023a 

6. 

20 

+ 

.023b 

6  months 

5. 

90 

+ 

.047b 

6 

.00 

+ 

.047ab 

6 

.29 

+ 

.047a 

5. 

84 

+ 

.047b 

9  months 

6. 

10 

+ 

.039ab 

6 

.08 

+ 

.039ab 

6 

.24 

+ 

.039a 

6. 

05 

+ 

.039b 

12  months 

5. 

80 

+ 

.043c 

6 

.06 

+ 

.043b 

6 

.32 

+ 

.049a 

5. 

78 

+ 

.043c 

18  months 

5. 

97 

+ 

.022c 

6 

.08 

+ 

.022b 

6 

.19 

+ 

.022a 

5. 

64 

+ 

.022d 

abc  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 
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Table  52.     Effect  of  freeziny  on  aerobic  plate  counts  for  yround  beef 
patties  with  soy 


Evaluation  Time 


Before  Immediately  after 

f reezi  ng  freeziny,  1  day 

6.50  +  .019a  6.36  +  .02'Jb 


ab  Differences  between  means  are  siynificant  (P<.Ub).    Means  +_  S.E. 
Values  are  loyi(j/y. 
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Table  53.    Effect  of  final  storage  temperature  on  aerobic  plate  counts  for 
ground  beef  patties  with  soy  following  six  months  storage 


Final  Storage  Temperature 
-lOT  OT  +20T  +20N 


6.09  +  0.024a         6.11  +  0.024a         5.90  +  0.024b         5.93  +  0.024b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Means  +_  S.E.    Values  are  logio/9'    ^  ^  temperature  abused,  N  =  not 
temperature  abused. 
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Table  54.    Effect  of  temperature  abuse  on  aerobic  plate  counts  for  yround 
beef  patties  with  soy  following  IZ  months  storage 


Temperature  Abuse 
T  N 


5.9^  +  .i)17b         6.U4  +  .017a 


ab  Differences  between  means  are  significant  (P<.(Jb).    Means  +_  S.t. 
Values  are  log^Q/g.     Includes  only  0°F  in  96  hour  frozen  product. 
T  =  temperature  abused,  \i  =  not  temperature  abused. 
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Table  55.    Effect  of  final  storage  temperature  on  aerobic  plate  counts  for 

ground  beef  patties  with  soy  following  18  and  24  months  of  storage 


Final  Storage 

Temperature,  °F 

Storage 

Time,  months 

-10 

0 

18 

6.04  +  .016a 

5.90  +  .016b 

24 

6.05  +  .034a 

5.90  +_  .034b 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Means  +_  S.E.    Values  are  log^o/Q*     Includes  only  nonabused  product. 


Compared  to  sampling  immediately  post-freezing,  storage  time 
advancements  always  produced  a  decrease  in  aerobic  plate  counts  (Table  b6). 
At  six  months  storage,  0°F  in  72  hours  generated  higher  counts  than  the 
other  freezing  rates,  while  at  nine  months  of  storage,  this  freezing  level 
still  maintained  the  higher  counts,  but  they  were  not  different  than  those 
noted  for  0°F  in  ?4  hours  freezing  (Table  57).     At  nine  months  of  storage, 
patties  initially  stored  at  n°F  and  -10°F  final  storage  temperatures  had 
counts  similar  to  those  found  right  after  freezing  (Table  58).  Counts 
between  nine  and  twelve  months  of  storage  decreased  for  both  patties  frozen 
to  i'°F  in  24  and  96  hours  (Table  59).     In  addition,  at  twelve  months,  the 
counts  for  these  two  rates  were  lower  than  the  other  two  rates.  Following 
eighteen  months,  patties  finally  stored  at  0°F  had  lower  counts  than 
patties  stored  at  -10°F  and  the  0°F  patties  stored  for  twelve  months  (Table 

60)  . 

After  eighteen  months  of  storage,  many  of  the  various  initial  and 
final  storage  temperature  combinations  for  the  Q°f  in  48  hour  freezing  rate 
were  similar  to  the  counts  detected  immediately  following  freezing  (Table 

61)  .     The  0°F  in  24  hour  rate  had  higher  counts  in  all  i ni ti al -f i nal 
temperature  combinations.    Adjusting  these  data  for  differences  prior  to 
freezing  resulted  in  few  changes  in  interpretation  of  the  differences  in 
bacterial  counts  (Table  62).     Between  eighteen  and  twenty-four  months  of 
storage,  patties  originally  frozen  to  0°F  in  48  hours  underwent  a  reduction 
in  counts  while  no  differences  were  found  between  these  two  times  for 
patties  frozen  to  0°F  in  24  or  72  hours  (Table  63).     The  O'^F  in  48  hour 
rate  product  generally  produced  lower  counts  at  these  times  than  the  0°F  in 
24  and  72  hours.     However,  adjusting  the  data  for  pre-freezing  bacterial 
differences  removed  these  freezing  rate  effects  (Table  64). 
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Table  56.  Effects  of  storage  tin'e  (comparisons  of  irr,rierli atel y  following 
freezing  witfi  various  storage  times,  months)  on  aerobic  plate 
counts  for  ground  beef  patties  with  soy 


Immediately  following 
freezing,  1  day 

fi.36  +  .017a 


Evaluation  time  comparisons 


6  months 


6.01  +  .017b 


Immediately  following 
freezing,  1  day 

6.36  +  .020a 


9  months 


5.12  +  .020b 


Immediately  following 
freezing,  1  day 

6.36  +  .024a 

9  months 


12  months 
5.^9  ^  .024b 
12  months^ 


6.16  +  .029a 

Immediately  following 
freezing,  1  day 

6.36  +  .014a 


5.98  +  .029b 


18  months 


5.97  +  .014b 


Immediately  following 
freezing,  1  day 

6.36  +  .024a 


24  months 


5.47  +  .024b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 

Mean  ^  S.E.    Values  are  log^fj/g. 
^Includes  just  0°F  in  ':^6  hour  freezing  rate. 
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Table    57.     Interaction  effect  of  storage  time  (six,  nine  months)  and 

freezing  rate  on  aerobic  plate  counts  for  ground  beef  patties 
with  soy  —  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 


6  5.98  +  .030c      6.09  +  .030bc    6.36  +  .030a      5.97  +  .030c 

9  6.10  +  .030bc    6.08  +  .030c      6.24  +  .030ab    6.05  +  .030c 


abc  Any  mean  comparison  with  different  letters  is  different 
(P<.05).     Mean  +  S.E. 
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Table  59  .     Interaction  effect  of  storage  time  (nine,   twelve  months)  and 

rate  of  freezing  on  aerobic  plate  counts  for  ground  beef  patties 
with  soy  —  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  month  24  48  72  96 


9  6.10  +  .043b     6.08  +  .043b    6.24  +  .043ab     6.05  +  .043b 

12  5.80  +  .043c     6.06  +  .043b     6.32  +  .053a      5.78  +  .043c 


abc  Any  mean  comparison  with  different  letters  Is  different 
(P<.05).     Mean  +  S.E. 
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Table  60.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
final  storage  temperature  on  aerobic  plate  counts  for  ground  beef 
patties  with  soy 


Final  Storage  Temperature,  °F 

Eval uation 

Time,  months 

-10 

0 

12 

6.04  +  .032a 

6.05  +  .032a 

18 

5.89  +  .032a 

5.66  +  .032b 

ab  Any  mean  comparisons  with  the  same  letter  are  not  different  (P>.05). 
Means  +_  S.E.    Values  are  logig/g-     Includes  on  nonabused,  0°F  in  96  hour 
frozen  product. 
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Table  63.    Interaction  effect  of  storage  time  (eighteen,  twenty-four 
months)  and  rate  of  freezing  on  aerobic  plate  counts  for 
ground  beef  patties  with  soy 


Eval uation 
Time,  months 

Freezing  Rate, 

hours 

to  0°F 

24 

48 

72 

18 

6. 

29 

+  0. 

044a 

5.89  +  0. 

044b 

5.92 

+  0. 

044b 

24 

6. 

32 

+  0. 

044a 

5.65  +_  0. 

044c 

5.95 

+  0. 

062b 

ab  Any  mean  comparison  with  a  different  letter  is  different  (P<.05). 
Mean  +_  S.E.    Values  are  logio/9*     Includes  only  nonabused  product. 


Table     64.     Interaction  effect  of  storage  time  (eighteen, 

twenty-four  months),  and  freezing  rate  on  aerobic 
plate  counts  for  ground  beef  patties  with  soy  — 
data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  24  48  72 


18  5.97  +  .044bc      6.08  +  .044ab    6.19  +  . 044ab 

24  6.00  +  .044abc     5.84  +  .044c      6.22  +  .044a 


abc  Any  mean  comparison  with  different  letters  is  different 
(P<.05).     Mean  +  S.E. 
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Information  pertaining  to  TRA  values  for  patties  with  soy  are  given 
next.     The  general  table  (Table  65)  shows  escalation  in  values  'lue  to: 
(1)  the  use  of  +?0°F  final  storage,  (2)  freezing  to  0°F  in  "^fi  hours,  and 
(3)  longer  storage  times  (Table  65).    There  were  some  minor  changes  in  TBA 
values  between  formulations  and  freezing  rates  just  before  and  after 
freezing;  but  the  differences  weren't  the  same  (Table  66).  Following 
eighteen  months  of  storage,  0°F  in  96  hour  rate  produced  higher  TBA  values 
than  the  other  three  rates  and  after  twenty-four  months  of  storage,  i)°F  in 
17.  hours  produced  higher  values  than  0°F  in  24  and  48  hour  rates.  The 
before-after  freezing  values  for  the  various  freezing  rates  were  actually 
involved  in  an  interaction  where  freezing  produced  decreases  in  TBA  values 
for  the  n°F  in  48  and  72  hour  rates  (Table  67).     An  interaction  of  freezing 
rate  and  final  storage  time  at  six  months  showed  that  non-temperature 
abused  patties  frozen  to  0°F  in  96  hours  and  stored  at  +2n°F  had  higher  TBA 
values  than  all  other  rate-temperature  combinations  (Table  68).    After  ninp 
n'onths  of  storage,  the  only  rate  to  show  a  decrease  in  TRA  values  between 
-10°F  an  0°F  was  the  0°F  in  96  hours.    This  0°F  in  96  hour  rate  also  had  a 
higher  value  than  all  other  rates  when  product  had  been  finally  stored  at 
-10°F  (Table  69).    Overall,  at  nine  months,  TBA  values  were  lower  on  n°F 
finally  stored  product  compared  to  -10°F,  while  the  opposite  was  true  for 
product  stored  eighteen  monhts  (Table  70). 

In  sonie  specific  cases  (0°F  in  96  hour  frozen  product,  temperature 
abused  product)  at  nine  months  of  storage,  -10°F  initial  storage  generated 
lower  counts  (Table  71).     Overall,  at  nine  months,  temperature  abuse 
resulted  in  lower  TBA  values  than  nonabuse  (Table  72). 
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Table     66,     Effect  of  freezing  rate  at  various  storage  times  on  TBA  values  in 
ground  beef  patties  with  soy 


Freezing  rate,  hours  to  Q°F 


Evaluation 
time 


24 


48 


72 


96 


Immediately 
before  freezing 


1.53  +  .056ab        1.71  +  .056ab        1.82  +  .U56a        1.4     +  .036b 


Immediately 

following  freezing,     1.77  +  .038a 

1  day 


18  months 
24  months 


2.32  +  .093bc 
2.97  +  .0993 


1.41  +  .038b  1.53  +  .038ab      1.43  +  .038b 

2.47  +  .093b  2.05  +  .093c        3.31  +  .093a 

2.64  +  .099a  2.14  +  .14b 


abc  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table    67.     Interaction  effect  of  storage  time  (before  and  after  freezing)  and  rate 
of  freezing  on  TBA  values  for  ground  beef  patties  with  soy 


 Freezing  rate,  hours  to  Q°F  

Evaluation 

time  24  48  72  96  

Before  freezing  1.53  +  .06bc        1.71  +  .06ab        1.82  +  .06a        1.40  +  .06c 

Immediately  following  1.77  +  .06ab  1.41  +  .042c  1.53  +  .042bc  1.43  +  .042c 
freezing,  1  day 


abc  Any  mean  comparisons  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table     68.     Interaction  effect  of  final  storage  temperature  and  rate  of  freezing 
on  TBA  values  for  ground  beef  patties  with  soy  following  six  months 
storage 


Freezing  rate,  hours  to  0°F 


Final  storage 

temperature  24  48  72  96 


-lOT 

2. 

04 

+ 

.16bcd 

1.97 

+ 

.16bcd 

1 

.94 

+ 

.16bcd 

2. 

59 

+ 

.16b 

OT 

2. 

13 

+ 

.16bcd 

1.98 

.16bcd 

1 

.62 

+ 

.16d 

1 

91 

+ 

.16bcd 

20T 

2. 

21 

+ 

.16bcd 

2.58 

+ 

.16bc 

1 

.72 

+ 

.16cd 

2 

72 

+ 

.16b 

20N 

2. 

36 

T 

.16bcd 

2.66 

+ 

.16b 

1 

.97 

+ 

.16bcd 

3 

9 

+ 

.16a 

abed  Any  mean  comparisons  with  different  letters  are  different  (P<.05J. 
Mean  +  S.E.     T=temperature  abused.     N=not  temperature  abused. 
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Table    69.     Interaction  effect  of  final  storage  temperature  and 

rate  of  freezing  on  TBA  values  in  ground  heef  patties 
with  soy  following  nine  montlis  of  storage 


Freezing  rate. 

h')u  rs 

to 

0°F 

Final  storage 
temperature,  °F 

?A 

72 

-10 

1 .37 

+ 

.042b 

1 .43  +  .042b 

1  .49 

+ 

.042b 

1.77 

+ 

.042a 

0 

1.4Q 

+ 

.042b 

1.30  +  .042b 

1.47 

+ 

.042!) 

1 .51 

+ 

.042b 

ab    Any  n'.ean  comparison  with  the  same  letter  is  not  different  (P>.05). 
Mean  +  S.E. 
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Table     70.     Effect  of  final  storage  temperature  on  TBA  values  in  ground  beef 


patties  with 

soy  at  various 

s  torage 

t  ime  s 

Final 

s  torage 

temperature , 

op 

Evaluation 

time,  months 

-10 

0 

gC 

1.91  +  . 

05a 

1.74  + 

.05b 

18 

2.38  +  . 

066b 

2.70  + 

.066a 

ab  Differences  between  means  on  the  same  line  are  significant  (P<.05) 
Mean  +  S.E. 


c  Includes  only  0°F  in  96  hr  product. 


I 


I 


i 


i 


1 
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Table     71.     Effects  of  initial  storage  temperature  on  TBA  values  in  ground 
beef  patties  with  soy  following  nine  months  of  storage 

 initial  storage  temperature,  °F  

 U 

Only  0°F  in  96  hr  product  1.69  +  .05b  1.97  +  .05a 

Includes  only  temperature  1.43  +  .02b  1.53  +  .02a 

abused  product 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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Table     72,     hlffecc  of  temperature  abuse  on  TBA  values  for  ground  beef  patties 
with  soy  following  nine  months  storage 


Temperature  abuse 

T  

1.64  +  .05b  2.01  +  .05a 


ab  Differences  between  means  significant  (P<.05).     Mean  +  S.E. 
Includes  only  0°  in  96  hr  product. 


\ 
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Except  for  the  function  of  freezing  itself,  and  six  vs  nine  months, 
storage  generated  higher  TRA  values  (Table  73).     At  six  months  of  storage, 
+20°F  final  storage  produced  substantially  higher  TBA  values  than  that 
found  right  after  freezing,  but  only  for  0°F  in  48  and  ^6  hour  freezing 
rates  (Table  74).     Following  nine  months  of  storage,  some  of  the  initial- 
final  temperature  combinations  under  the  0°F  in  7A  hour  rate  (-in°F  final 
regardless  of  initial  storage  temperature)  had  lower  TGA  values  than  that 
found  right  after  freezing  (Table  75).     Following  freezing,  only  patties 
held  at  -10  and  n°F  final  temperature  from  the  0°F  initial  temperature  had 
higher  TRA  values  than  those  noted  right  after  freezing  (Table  76);  but 
this  was  only  for  nonabused  rather  than  temperature  abused  patties. 
Between  nine  and  twelve  months,  TRA  values  increased  for  patties  initially 
held  at  -in°F,    This  did  not  happen  for  patties  stored  at  0°F  (Table  77). 

After  twelve  months  of  storage  and  for  the  0°F  in  96  hour  freezing 
rate,  patties  finally  stored  at  0°F,  regardless  of  initial  temperature,  had 
higher  TBA  values  than  that  found  immediately  post-freezing  (Table  78). 
This  difference  was  not  detected  for  the  other  freezing  rates.    Also,  at 
twelve  months,  many  of  the  i  ni  t  i  a  1 -f  i  na  1  tem[jerature  abuse  combinations  had 
higher  TBA  values  than  that  found  right  after  freezing,  especially  with 
temperature  abused  product  (Table  79).     Following  eighteen  months  of 
storage,  all  of  the  i ni t i al -f i na 1  temperature  combinations  for  0°F  in  96 
hour  rate  and  all  but  -10°F  initial  and  final  for  the  0°F  in  48  hour  rate 
had  higher  TRA  values  than  that  noted  just  post-freezing  (Table  80). 
Between  eighteen  and  twenty-four  months  of  storage,  only  patties  frozen  to 
0°F  in  24  hours  increased  in  TBA  values.     However,  for  both  storage  times, 
0°F  in  72  hotirs  had  lower  values  than  0°F  in  24  hours  (Table  81). 
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Table    73  .     Effect  of  various  storage  time  comparisons  on  TBA  values  in  ground  beef 
patties  with  soy 


Evaluation  Time 


Immediately  before  freezing 


J. .  J't   +    .  U  ZD 

Immediately  following 

freezing , 

1 

day 

6  months 

1 . JH    +     . ±1 D 

z.z7  +  .11a 

Immediately  following 

freezing , 

1 

day*^ 

9  months^ 

1     /,  0    4-  riQK 
1  .  H  -J    T-    .  U  7  D 

i.csj  +  .uya 

Immediately  following 

freezing , 

1 

day^ 

12  months^ 

i  .  ^ J  +  . izb 

z.Oo  +  .Iza 

Immediately  following 

freezing , 

1 

day 

12  months 

1 . JH  +  . UoZD 

1 . oU  +  . UDza 

Immediately  following 

freezing , 

1 

day 

18  months 

1.54  +  .093b 

2.54  +  .093a 

Immediately  following 

freezing , 

1 

day 

24  months 

1.54  +  .lib 

2.60  +  .11a 

6  months^ 

9  months^ 

2.02  +  .04a 

1.48  +  .04b 

9  months'^ 

12  months'^ 

1.48  +  .031b 

1.80  +  .031a 

12  months^ 

18  months^ 

1.99  +  .097b 


3.31  +  .097a 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 

c  Includes  only  0°F  in  96  hr  freezing  rate  product, 
d  Includes  only  temperature  abused  product. 
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Table     77.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 


mXLJ.ax  SLULdgc 

with  soy 

i~  O  m      O  T*  O  <~  1 1  -v  j-v 

Lfc;]Iipt:LclLU.Le 

on  TBA  v3.1uGs  in  ground  bG6f 

pa  L  Lies 

Xii-L(-XcLX     oLULdf^t-     L  C  Ui  I^C  J,  a.  L.  ^.I JL  c-  J 

°F 

Evaluation 
time ,  months 

-10 

0 

9 
12 

1.69  + 
2.07  + 

.05b                      1.97  +  .05a 
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ab  Any  mean  comparisons  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S.E.  Includes  only  0°F  in  96  hr  and  both  temperature  and  non- 
temperature  abused  product. 
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Table    81.     Interaction  effect  of  storage  time  (eighteen,  twenty-four 
months)  and  rate  of  freezing  on  TBA  values  for  ground  beef 
patties  with  soy 


Evaluation 
time,  months 

Freezing  rate 

,  hours 

to  0°F 

24 

48 

72 

18 

2. 

32  + 

.078bcd        2.47  + 

.078bc 

2.05  + 

.078d 

24 

2. 

97  + 

.078a            2.64  + 

.078ab 

2.2  + 

.078cd 

abed  Any  mean  comparisons  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 
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Sensory  scores  of  a  general  format  for  broiled  ground  beef  flavor 
intensity  is  shown  in  Table  >^2.     Scores  in  general  at  any  tiine  were  not 
particularly  high.     Advancements  in  storage,  especially  beyond  nine  months, 
decreased  the  intensity.     If^niedi  ately  following  freezing,  patties  front  the 
n°F  in  gfS  hour  rate  had  less  flavor  intensity  than  the  ''^°F  in  2'!  and  7? 
hour  rate  (Table  83).    This  was  not  detected  just  prior  to  freezing,  /^fter 
six  months  of  storage,  the  use  of  +?n°F  final  storage  temperature  produced 
a  decline  for  flavor  intensity  vs  the  other  two  rates,  but  only  for  the  ('°F 
in  72  hour  rate  and  then  only  for  the  nonte^perature  abused  +2n°F  stored 
|)roduct  (Table  8^).    Temperature  abuse  created  more  intense  ground  heef 
flavor  following  six  months  of  storage  (Table  85). 

The  n°F  in  24  and  48  hour  freezing  rates  (produced  higher  flavor  scores 
than  the  other  two  freezing  rates  following  nine  months  of  storage.  After 
twenty-four  months  of  storage  0°F  in  24  and  72  hour  rates  were  given  high 
flavor  intensity  scores  for  patties  compared  to  the  0°F  in  48  hour  rate 
(Table  8^).     Again  at  twelve  months  of  storage  the  afiplication  of  a 
temperature  abuse  back  at  45  and  ^0  days  of  storage  produced  more  intense 
beef  flavor  than  no  abuse  (Table  87). 

At  eighteen  months  of  storage,  patties  frozen  to  n°F  in  'IT)  hours  were 
rated  as  having  less  beef  patty  flavor  than  the  other  three  rates  if  they 
had  initially  been  stored  at  -in°F.     No  differences  due  to  freezing  rate 
were  found  coupled  with  the  M°F  initial  storage  temperature  (Table  88). 
Following  twenty-four  months    of  storage,  for  patties  finally  stored  at 
-IC^'^F,  tbose  initially  stored  at  n°F  possessed  less  ground  beef  flavor 
intensity  than  those  initially  held  at  -in°F  (Table  8Q). 
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Table    83.     Interaction  effect  of  storage  time  (just  before  and  after 
freezing)  and  rate  of  freezing  on  sensory  scores  for 
ground  beef  flavor  intensity  in  ground  beef  with  soy 


Freezing  Rate, 

hours  to  0°F 

Eval  uation 
t  ime 

24 

48 

72 

96 

Before  freezing 

3.61 

+  .13ab 

3.72  +  .13ab 

3.80  +  .13a 

3.75 

+  .13a 

Immed  i  atel y 
fol lowing 
freezing,  1  day 

3.75 

+  .13a 

3.74  +  .09ab 

3.80  +  .09a 

3.17 

+  .09b 

ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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Table    84.    Interaction  effect  of  final  storage  temperature  and  rate  of 

freezing  on  sensory  scores  for  ground  beef  flavor  intensity  in 
ground  beef  patties  with  soy  following  six  months  storage 


 Freezing  Rate,  hours  to  0°F  

Final  storage 

temperature,  °F  24   48  72   96 


-lOT  3.33  +  .15ab  3.47  +  .15ab  3.78  +  .15a  3.05  +  .15ab 

OT  3.53+.15ab  3.42+.15ab  3. 71+. 15a  3.00+.15ab 

20T  3.53  +  .15ab  3.59  +  .15ab  3.22  +  .15ab  3.21  +  .15ab 

20N  3.34  +  .15ab  3.09  +  .15ab  2.81  +  .15b  3.42  +  .15ab 


ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 


Table    85.    Effect  of  temperature  abuse  on 
sensory  scores  for  qrounu  beef  flavor 
intensity  in  ground  beef  patties  with  soy 
following  six  months  storage 


Temperature  Abuse 


3.3ya  3.16b 


ab    Difference  between  rheaiis  significant 
(P<.05).    Mean.    T  =  temperature 
abused,      =^  not  temperature  abused. 
Includes  just  ^ZO'f  final  storage 
temperature.    S.t.  not  calculaole. 
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Table    86.    Effect  of  freezing  rate  on  sensory  scores  for  ground  beef 
flavor  intensity  in  ground  beef  patties  with  soy  following 
either  nine  or  twenty-four  months  of  storage 


Freezing  Rate, 

hours  to  0°F 

Evaluation 
time,  months 

24 

48 

72  96 

9 

3 

80 

+  .083a 

3.87  +  .083a 

3.34  +  .083b      3.48  +  .083b 

24 

3 

04 

+  .058a 

2.44  +  .058b 

3.09  +  .082a 

ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


Tdble    87.    Effect  of  temperature  auuse 
Ofi  sensory  scores  for  ground  beef  flavor 
intensity  in  ground  beef  patties  witli  soy 
following  twelve  montns  storage 


Temperature  Abuse 


T  fJ 


3.13  +  .069a  2.81  +  .0690 


ab    Difference  between  aieans  signincant 
(P<.05).    Mean  +.  S.E.     T  =  temperature 
abused,  \\  =  not  temperature  aoused. 
Includes  just  0°F  in  9o  hr  freezing 
r  ate . 
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Table    88.     Interaction  effect  of  initial  storage  temperature  and  rate  of 
freezing  on  sensory  scores  for  ground  beef  flavor  intensity  in 
ground  beef  patties  with  soy  following  eighteen  months  storage 


Freezing  Rate, 

hours  to  0°F 

Initial  storage 
temperature,  °F 

24 

48 

72 

96 

-10 

2.94 

+  .10a 

3.17  +  .10a 

3.06  +  .10a 

2.35 

+  .10b 

0 

3.10 

+  .  10a 

2.83  +  .  lOab 

3.07  +  .10a 

2.79 

+  .lOab 

ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


Table    89.     Interaction  effect  of  initial  storage 
temperature  anu  tinal  storage  tettiperature  on  sensory 
scores  for  yrouna  beef  flavor  intensity  in  ground 
beef  patties  v/ith  soy  following  twenty-four  ;;iotiths 
of  storage 


1-  i  n  a  1 

storage 

temperature,  °F 

Initial  storage 
temperature,  °F 

-10 

0 

-10 

3.04 

+  .082a 

2.83  +  .067ab 

0 

2.68 

+  .067d 

2.66  +  .0c2aD 

ao    Any  mean  comparison  with  the  samt  letters  is  not 
different  (P>.05);  Mean  +  S.H. 
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Increases  in  storage  (where  differences  were  significant,  P<.05) 
indicated  a  reduction  in  ground  beef  flavor  intensity  (Table  90).  Patties 
subjected  to  0°F  in  96  hour  freezing  had  less  beef  flavor  following  six 
months  vs  the  other  rates,  but  was  no  different  from  the  other  rates  at 
nine  months  of  storage.    Also,  there  were  no  differences  between  six  and 
nine  months  for  patties  frozen  to  0°F  in  96  hours  (Table  91).    Between  nine 
and  twelve  months,  flavor  intensity  values  decreased  for  0°F  in  24  and  48 
hour  frozen  patties,  but  not  for  the  other  two  rates  (Table  92).  Both 
temperature  and  nontemperature  abused  product  decreased  in  flavor  intensity 
between  nine  and  twelve  months,  but  the  decrease  was  more  pronounced  for 
nonabused  patties  (Table  93).    Patties  from  the  0°F  in  24  hour  rate  that 
had  been  stored  at  0°F  final  storage  temperature  regardless  of  initial 
storage  temperature  for  twelve  months  had  lower  flavor  values  than  those 
evaluated  right  after  freezing  (Table  94).    Many  of  the  i ni ti al -f i nal 
temperature  combinations  for  the  0°F  in  72  hour  rate  also  had  lower  beef 
patty  flavor  values  than  the  immediate  post-freezing  evaluations.  Between 
eighteen  and  twenty-four  months  of  storage,  flavor  values  declined  for  the 
0°F  in  48  hour  freezing  rate,  but  not  for  the  0°F  in  24  and  72  hour  rates 
(Table  95). 

The  following  tables  depict  changes  in  frequency  of  occurrence  for 
specific  flavors  as  a  result  of  various  variables  in  the  study. 
Immediately  post-freezing  sour  was  more  prevalent  in  the  0°F  in  48  hour 
rate  patties  along  with  loss  "unidentified"  flavors  compared  to  the  other 
rates  (Table  96).    There  was  also  a  tendency  even  at  that  time  of 
evaluation  of  more  rancid  flavor  to  be  associated  with  slower  rates  of 


Table    90.    Effect  of  various  storage  time 
comparisons  on  sensory  scores  for  ground 
beef  flavor  intensity  in  ground  beef 
patties  with  soy 


Eval uation 

t  imes 

Immediately  following 
freezing,  1  day 

6  months 

3.62  +  .Ua 

3.34  +  .lib 

Immediately  following 
freezing,  1  day 

12  months 

3.62  +  .066a 

3.07  +  .066b 

Immediately  following 
freezing,  1  day 

18  months 

3.62  +  .089a 

2.91  +  .089b 

12  months'^ 

18  months^ 

2.81  +  .040a 

2.57  +  .040b 

Immediately  following 
freezing,  1  day*^ 

24  months^ 

3.76  +  .08a 

2.83  +  .08b 

ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05). 
Mean  +  S.E. 


•^Includes  only  0°F  in  96  hr  freezing  rate. 
^Does  not  include  0°F  in  96  hr  freezing  rate. 
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Table    91.    Interaction  effect  of  storage  time  (six,  nine  months)  and  rate 
of  freezing  on  sensory  scores  for  ground  beef  flavor  intensity 
in  ground  beef  patties  with  soy 


Freezing  Rate, 

hours  to  0°F 

Eval uation 
time,  months 

24 

48 

72 

96 

6 

3 

.43 

+ 

12ab 

3.44  +  .12ab 

3.75  +  .12a 

3 

.02 

+ 

lib 

9 

3 

86 

+ 

12a 

3.87  +  . 12a 

3.34  +  .12ab 

3 

.48 

+ 

llab 

ab    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 
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Table    92.    Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
rate  of  freezing  on  sensory  scores  for  ground  beef  flavor 
intensity  in  ground  beef  patties  with  soy 


Freezing  Rate,  hours  to  0°F 

Evaluation 
time,  months 

24 

48  72 

96 

9 

3 

86 

+  .088a 

3.87  +  .088a      3.34  +  .088bc 

3 

48 

+  .088ab 

12 

3 

01 

+  .088c 

3.16  +  .088bc    3.01  +  .11c 

3 

13 

+  .088bc 

abc    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 


Table    93.    Interaction  effect  of  temperature  abuse 
and  storage  time  (nine,  twelve  months) 
on  sensory  scores  for  ground  beef  flavor 
intensity  in  ground  beef  patties  with  soy 


Temperature 
Abuse 

Eval uat  ion 

Time,  months 

9 

12 

T 

3.48  +  .073a 

3.13  +  .073b 

N 

3.61  +  .073a 

2.81  +  .073b 

ab    Any  mean  comparison  with  different  letters  is 
different  (P<.05);  Mean+_S.E.    T  =  temperature 
abused,  N  =  not  temperature  abused. 
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Table    95.     Interaction  effect  of  storage  time  (eighteen, 

twenty-four  months)  and  freezing  rate  on  sensory 
scores  for  ground  beef  flavor  intensity  in  ground 
beef  patties  with  soy 


Freezing  Rate, 

hours 

to 

0°F 

Eval uation 
time,  months 

24 

48 

72 

18 

3.02 

+  .095a 

3.00  + 

.095a 

3 

.05  +  .096a 

24 

3.04 

+  .096a 

2.44  + 

.096b 

3 

.02  +  .  14a 

ab    Any  mean  comparison  with  the  same  letters  is  not  different 
(P>.05) .    Mean  +  S.E. 


Table  96.  Detectable  flavor  scores  assigned  to  yround 
beef  patties  with  soy  according  to  freezing 
rate  imnediately  following  freezing^ 


 Freezing  Kate,  Mrs  to  U°F 

Detectabl e 


Fl avors 

24 

48 

72 

96 

Sour 

Z 

.63 

14. 

52 

3 

39 

1 

.82 

Bitter 

2 

.63 

3 

23 

b 

.78 

U 

UO 

Netal lie 

13. 

16 

12. 

9U 

5. 

U8 

/. 

27 

Sweet 

5. 

26 

9 

63 

1 IJ 

.  1  7 

IJ 

.OU 

Ranci  d 

10. 

53 

14. 

52 

16. 

95 

23 

54 

Uni dent  i  f i  ed 

65. 

79 

45 

16 

57 

.63 

67 

.27 

Chi-square  =  28.65,  P<,018. 

^Values  are  percentages  of  scores  assigned  witliin 
a  freezing  rate  category. 
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freezing.    Uit.h  the  exception  of  the  0°F  in  ?A  hour  rate,  patties  stored  at 
+2n°F  had  more  indication  of  rancid  flavor  than  the  other  rates  (Table  97) 
following  six  months  of  storage.     Except  for  the  0°F  in  96  hour  rate,  sweet 
was  i^iore  prevelant  in  the  -in°F  final  stored  product  compared  to  ttie  other 
two  rates.     After  nine  montlis  of  storage,  most  of  the  detectable  non-ground 
beef  flavors  were  categorized  in  the  unidentified  category.  However, 
approximately  1/3  of  the  flavors  for  tfie  patties  from  the  n°F  in  96  hour 
rate  were  classified  as  rancid  regardless  of  final  storage  temperature 
(Table  9H).     Table  99  shows  that  in  contrast  to  temperature  abused  product, 
nontemperatu re  abused  product  had  substantially  more  o^  the  evaluations 
classified  as  rancid  following  twelve  months  storage.     After  eighteen 
months  of  storage,  n°F  finally  stored  patties  were  rated  as  being  more 
rancid  than  patties  stored  at  -10°F  with  the  exception  of  the  0°F  in  96 
hour  freezing  rate  (Table  100). 

An  evaluation  of  just  the  changes  in  frequency  of  rancid  flavor  across 
time  for  the  various  freezing  rate-final  storage  temperature  coinbi  nati  ons 
is  depicted  in  Table  101.     Freezing  in  itself  produced  some  increase  in 
rancidity  with  the  biggest  increase  occurring  during  the  first  six  months. 
At  twelve  months,  there  was  a  decrease  in  the  occurrence  of  rancid  flavor 
(although  less  of  a  drop  for  0°F  in       hoiir  product)  compared  to  nine 
months  followed  by  an  increase  at  eighteen  and  twenty-four  months. 

Oeneral  values  for  juiciness  are  presented  in  Table  10?.     There  v^as  a 
slight  tendency  for  juiciness  to  becoi^e  less  with  progressions  in  storage 
time.     Freezing  in  itself  did  not  cliange  juiciness  except  for  [)roduct 
frozen  to  0°F  in  96  hours,  where  juiciness  v;as  reduced  (Table  103).  Since 
there  were  some  significant  (P<.05)  differences  in  juiciness  prior  to 
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Table     99.    Detectable  flavor  scores  assigned  to 

ground  beet  patties  v/ith  soy  accordinj 


to  temperature 
months  storaye^ 

abuse  tol 

1  owi  mj 

twel ve 

Temperature 

Abuse 

Uetectabl e 
f- 1  avors 

T 

1 

Sour 

1  .yy 

b. 

lb 

Bitter 

6.  72 

D. 

ly 

Metallic 

b.  4  7 

8. 

2b 

Sweet 

1  .4y 

1  . 

UJ 

kanci  d 

1  b.fa/ 

4U. 

21 

Salty 

U.2b 

0. 

UU 

Uni  denti  f i  ed 

66.42 

39. 

18 

Chi-square  =  33.63,  P<.UUUl. 

^Values  are  percentages  of  scores  assigned  within 
a  temperature  abuse  category.    T  =  temperature 
abused,  N  =  not  temperature  abused. 
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able  100.    Detectable  flavor  scores  assigned  to  ground  beef  patties  with  soy  accordin«j 
to  freezing  rate  -  final  storage  temperature  combinations  following  eighteen 

months  storage^ 


reezing   Uetectahle  Flavors 

Rate,  Final  Storage 


rs  to  0° 

Temperature,  °F 

Sour 

Bitter 

Metal  1 ic 

Sweet 

Kanci  d 

Un 1  dent  i  f  i  ed 

24 

-lU 

1  .85 

5.5b 

1  .85 

3.70 

^^b.^S 

bl  .1  1 

0 

3.51 

5.26 

0.00 

O.Ou 

40.3b 

bo. 8a 

48 

-10 

0.00 

7.55 

5.66 

9.43 

26.42 

b0.y4 

0 

5.45 

12.73 

1  .82 

7.27 

34.  bb 

38. 18 

72 

-10 

3.51 

0.00 

5.26 

3.51 

1  7.b4 

70.  1« 

0 

1  .54 

3.08 

1  .54 

0.00 

zy.23 

64.62 

96 

-10 

7.3'^ 

4.88 

2.44 

0.00 

41  .4b 

43. yo 

0 

1  2.50 

1  5.00 

b.OO 

2.bO 

32.  bO 

32. bO 

hi-square  =  64.74,  P<.002. 

Values  are  percentages  of  scores  assigned  within  a  freezing  rate  -  final 
storage  temperature  combination. 
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Table  103.     Interaction  effect  of  storage  time  (just  before  and  after 
freezing)  and  rate  of  freezing  on  sensory  scores  for 
juiciness  in  ground  beef  patties  with  soy 


Freezing  Rate, 

hours  to  0°F 

Eval uat  ion 
t  ime 

24 

48 

72 

96 

Before  freezing 

4.54 

+  .15ab 

4.25  +  .15b 

4.62  +  .15ab 

4.94 

+  .15a 

Immed  i  atel y 
fol 1 owi  ng 
freezing,  1  day 

4.52 

+  .15ab 

4.22  +  .10b 

4.46  +  .lOab 

4.11 

+  .10b 

ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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freezing,  (patties  frozen  to  n°F  in  96  hours  higher  than  patties  frozen  to 
0°F  in  48  hours)  data  were  adjusted  for  these  differences  (Table  104). 
Following  these  ad  jiistinents ,  patties  from  tlie  ()°F  in  96  hour  rate  were 
noted  to  be  less  juicy  than  patties  frozen  to  0°F  in  either  ?4  or  4;'.  hours 
immediately  post-freezing  and  following  six  months.     After  twelve  months, 
;)atties  frozen  to  0°F  in  96  hours  viere  found  to  be  less  juicy  than  those 
frozen  to  (J°F  in  4H  hours. 

Increasing  storage  time  usually  produced  a  decrease  in  sensory  scores 
for  juiciness,  however,  following  nine  months,  valijes  were  higher  than 
those  noted  right  after  freezing  (Table  105).     Between  six  and  nine  months, 
juiciness  scores  became  higher  for  patties  frozen  to  U°F  in  48  hours,  hut 
not  for  the  other  rates  (Table  106).     Adjusting  these  data  for  pre-freezing 
differences  in  juiciness  did  not  alter  this  difference  between  six  and  nine 
months  (Table  107). 

Mouthcoating  scores  were  not  greatly  affected  by  study  variables,  but 
were  slightly  lower  (indicative  of  more  mouthcoating  with  fat)  for  product 
frozen  to  0°F  in  96  hours  (Table  108).    After  six  months  of  storage, 
patties  stored  at  +20'^F  were  rated  as  having  more  mouthcoating  than  patties 
stored  at  -10  and  0°F  (Table  109).     I^erhaps  this  is  due  to  more  moisture 
loss  during  storage  for  +20°F  stored  patties,  thus  making  the  fat  content 
higher  and  more  detectable  as  mouthcoating.     Also,  at  six  montfis, 
temperature  abused  i)roduct  had  more  mouthcoating  than  nonabused  product 
(Table  110).    ^.outhcoati  ng  became  slightly  more  pronounced  with  storage, 
except  between  nine  and  twelve  months  of  storage  (Table  111).  Patties 
following  six  months  that  were  stored  at  +20°F  or  were  stored  both 
initially  and  finally  at  -10°F  had  more  mouthcoating  than  was  found 
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Table  104.  Effect  of  freezing  rate  on  sensory  scores  for  juiciness  in  ground 
beef  patties  with  soy  following  various  periods  of  storage  -  data 
adjusted  for  differences  prior  to  freezing 


Freezing  rate ,  hours  to  0°F 


Evaluation 
t  irae 


24 


72 


96 


Immediately  following 

freezing,  1  day  4.68  +  .11a 


6  months 
12  months 


4.42  +  .095a 
4.03  +  .15ab 


4.56  +  .11a 
4.52  +  .095a 
4.38  +  .15a 


4.42  +  .llab      3.76  +  .lib 
4.05  +  .095ab     3.75  +  .095b 
3.71  +  .17b        3.66  +  .15b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1121Q,   p.  14 


Table  105.    Effect  of  various  storage  time 
comparisons  on  sensory  scores  for  juiciness 
in  ground  beef  patties  with  soy 


Eval uat  ion 

t  imes 

Immediately  following 
rreezing,   i  a  ay 

9  months 

4.11  +  .20b 

4.59  +  .20a 

iiiiiiicuidLciy  Tuiiuwing 
freezing,  1  day 

12  months 

A    Tc:  4-     ^  A  z> 

H  .  OD    +    . IHd 

J . yo  +  .140 

Q  mn  n  1"  h  C 

10  innni"hcC 
1  c    IlIU  1 1  L 1 1  b 

4.58  +  .09a 

4.18  +  .09b 

9  months 

12  months 

4.38  +  .07a 

3.93  +  .07b 

Immediately  following 
freezing,  1  day 

18  months 

4.35  +  .09a 

3.92  +  .09b 

Immediately  following 
freezing,  1  day 

24  months 

4.44  +  .12a 

3.74  +  .12b 

ab    Differences  between  means  on  the  same 
line  are  significant  (P<.05). 
Mean  +  s.E. 


Includes  just  0°F  in  96  hr  freezing  rate. 
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Table  106.     Interaction  effect  of  storage  time  (six,  nine  months)  and  rate 
of  freezing  on  sensory  scores  for  juiciness  in  ground  beef 

patties  with  soy 


Freezing  Rate, 

hours  to  0°F 

Eval  uation 
time,  months 

24 

48 

72 

96 

6 

4 

28 

+  .096 ab 

4.18  +  .096b 

4.14  +  .096b 

4 

04 

+  .096b 

9 

4 

21 

+  .096ab 

4.66  +  .096a 

4.19  +  .096b 

4 

44 

+  .096ab 

ab    Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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Table  107.     Interaction  effect  of  storage  time  (six,  nine  months)  and  freezing 
rate  on  sensory  scores  for  juiciness  in  ground  beef  patties  with 
soy  -  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

6  4.33  +  .096b      4.52  +  .096b      4.10  +  .096bc     3.69  +  .096c 

9  4.26  +  .096b      4.99  +  .096a      4.16  +  .096bc     4.09  +  .096bc 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1121Q,  p.  15 
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Table  109.    Effect  of  final  storage  temperature  on  sensory  scores 


ror  r 

outn  coating  in  qrounu  beef  oat  ties 
following  six  months  storage 

V.'  i  t  ( 1 

soy 

Final  Storaoe  Ti.M'perature ,  °r 

-lor 

UT  ?0T 

20  h 

b.-j'<  +  .04  7  a 

ti.Ud  +  .i'4  7a          b.dl  +  .0^t7L) 

b .  ^ 

ab    i\eans  on  the 
(P>.Ob);  i^'ean 
abused . 

sdive  line  with  tne  same  letters  are 
+  S.E.    T  =  temperature  abused,  h  = 

not 
--  not 

d  i  f f erent 
te.iipera  t'jre 

Table  110.    Effect  of  temperature  abuse  on 
sensory  scores  for  nioutncoat  i ny  in  yround 
beef  patties  witii  soy  following  six  months 
storage 


Temperature  Abuse 


5. bib  5.y6d 


do    Uifference  between  means  significant 
(P<.Ob).    Mean.     Includes  just  +20°F 
final  storage  te.i.perature. 
T  =  temperature  abusea,  not 
temperature  abused,    S.E.  not 
calcul aole. 


Table  111.    Effects  of  various  storage  tine 
co'i. par  i sons  on  sensory  scores  for-  moutn 
coatinti  in  qround  beef  patties  with  soy 


Fv  3 1 uat  i  on 

t  imes 

Juv.'.'.eo  i  ate  1  y  to  1 1  ov,  i  nt; 
freezing!,  1  day 

6  months 

6.33  +  .067a 

5.97  +  .067b 

I.r„:ieci  i  ate  1  y  fol  lowioo 
freezing,  1  day 

9  months 

6.33  +  .07a 

b.Ol  +  .07b 

Tiii'ied  lately  foil  ov  i  nq 
freezing,  1  day 

18  months 

6.33  +  .0^5a 

b.Z2  +_  .045b 

9  aionths^ 

12  montfis^ 

D.Ol    +  .03r,.D 

6.24  +  .038a 

9  riiontns^ 

12  monttis*^ 

5.88  +  .08Ub 

6.17  +  .■lofia 

ab    Differences  between  means  on  the  sa;)ie 
1 ine  significant  iH<.06) . 
Kean  +  S.E. 


Incluaes  just  temperature  abused  product. 

Includes  just  0°F  in  96  hr  freezing 
rate  product. 
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immediately  after  freezing  (Table  112).    At  nine  months  of  storayp,  all 
i  ni  t  i  a  1 -f  i  na  1  temperature  combinations  liad  more  mou^hcoati  ng  tlian  just 
after  freezing  except  for  patties  initially  and  finally  stored  at  -10°F 
(Table  113).     Hov/ever,  only  patties  stored  initially  at  -10°F  and  finally 
at  0°F  had  more  mouthcoatiny  than  that  observed  jtist  post-freezing  (Table 
114).    After  eighteen  months  of  storage,  slower  frepziny  rates  produced 
more  mouthcoatiny  (Table  115).     Evaluations  at  twenty-four  months  showed 
n°F  in  48  hours  to  produce  less  mouthcoatiny  in  patty  samples  than  (^"F  in 
24  and  72  hours,     ^n  interaction  of  freezing  rate  and  these  two  storage 
times  revealed  that  less  mouthcoating  was  detected  at  twenty-four  months  of 
storage,  but  only  for  the  n°F  in  48  hour  rate  (Table  116).    Most  of  the 
i  niti  al -f  i  nal  teniperature  combinations  at  twenty-four  months  showed  more 
mouthcoating  for  0°F  in  24  hour  frozen  product  and  less  mouthcoating  for 
0°F  in  96  hour  product  compared  to  immediately  following  freezing  (Table 
117). 

The  following  series  of  tables  presents  some  of  the  more  interesting 
findinys  for  patties  with  soy  and  which  consists  of  tenderness  evaluations. 
Immediately  followiny  freezing,  it  appeared  that  faster  rates  of  freezing 
produced  greater  initial  tenderness  in  beef  patties  as  evaluated  by  sensory 
approaches  (Table  118).    A  rather  substantial  difference  in  tenderness 
occurred  pre-freeziny  for  initial  tenderness  ant!  ttnjs  required  data 
adjustments.     Once  these  adjustments  were  made,  patties  fron'  the  0°F  in  24 
hour  freezing  rate  were  found  to  be  initially  more  tender  (5  chews)  tlian 
n°F  in  96  hour  product  immediately  post-freezing  and  after  nine  and  twelve 
months  of  freezer  storaye  (Table  119).     Likewise,  0°F  in  72  hour  patties 
were  rated  as  being  initially  more  tender  than  0°F  in  72  hour  patties  after 
six,  nine  and  twenty-four  months  of  storaye.     With  the  exception  of 
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Table  115.     Effect  of  freezing  rate  on  sensory  scores  for  aiouth  coating 
in  ground  beef  patties  with  soy  to)  lowing  eiatitefn  an(i 
twenty-four  months  of  storage 


 Freezing  rate,  liours  to   

£  V  a  1  l;  a  t  i  0  n 

Tiri;e,  months  24  48  72  96 


18  6.44  +  .046a       6.26  +  .046ab       6.21  +  .046b       6.00  +  .046c 

24  0.31  +  .026b       6.52  +  .(■.'2oa         6.37  +  .037b 


abc    .''eans  on  the  same  line  with  aifferent  letters  are  different  (P<.05). 
i'''ecn  +  S.F. 
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Table  116.     Interaction  effect  of  storaue  time  (eighteen, 

twenty-four  months)  ana  freezina  rate  on  st^nsory 
scores  for  moutn  coating  in  ground  beef  patties 
with  soy 


 Freezing  Rate,  hours  to  0°F 

Evaluation 

Time,  months  24  48  72 


18  6.44  +  .OdOab       5.25  +  .040bc       5.21  +  .u40c 

24  6.3  1  +  .040nc       6.52  +  .U4;'a         b.35  +  .OSbaDC 


dbc    Any  niean  coir.Darison  with  tne  same  letters  is  not  oifferent. 
i-iean  +  S.E. 
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Table  119.     Effect  of  freezing  rate  on  sensory  scores  for  initial  tenderness 
in  ground  beef  patties  with  soy  following  various  periods  of 
storage  -  data  adjusted  for  differences  prior  to  freezing 


Freezing  rate,  hours  to  0°F 


Evaluation 

time   24  48  72  96 


Immediately  followinj 

freezing,  1  day 

% 

.82 

+ 

.16a 

5 

.22 

+ 

.16ab 

5 

.07 

+ 

.16ab 

4 

.21 

+ 

.16b 

6  months 

5 

.40 

+ 

.08a 

5 

.20 

+ 

.08ab 

4 

.82 

+ 

.08b 

4 

.91 

+ 

.08ab 

9  months 

5 

.42 

+ 

.09a 

5 

.16 

+ 

.09ab 

5 

.03 

+ 

.09b 

4 

.86 

+ 

.09b 

12  months 

5 

.64 

+ 

.11a 

5 

.59 

+ 

.llab 

5 

.69 

+ 

.13a 

5 

.13 

+ 

•  lib 

24  months 

5 

.63 

+ 

.085a 

5 

.63 

+ 

.085a 

5 

.05 

+ 

.12b 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 
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the  0°F  in  ?4  hour  rato,  initial  tenderness  decreased  with  freezing  (Tal:>le 
120).    rionteinperature  abused,  +20°F  stored  patties  had  lower  initial 
tenderness  than  temperature  al-)used  patties  from  all  three  storage 
temperatures  (Tables  I'^l  ,  I??.)  following  six  months  of  storage. 

The  various  storage  time  comparisons  in  Table  123  (mainly  immediately 
[)0St-f  reezi  ng  with  some  f)oint  in  storage)  indicate  a  tenderizing  effect 
with  storage.     Following  six  months  of  storage,  there  were  some  indications 
of  a  higher  tenderness  with  lower  storage  teni|,ierature5  and  a  lower 
tenderness  with  higher  storage  temperatures  compared  to  scores  just 
following  freezing  (Table  124).     After  t\-.'elve  months,  patties  stored 
initially  at  -10  and  finally  at  0°F  and  its  reciprocal  were  evaluated  as 
being  more  tender  than  patties  evaluated  right  after  freezing  (Table  125). 
Also,  at  twelve  months,  temperature  abused  patties  increased  in  tenderness 
from  right  after  freezing  while  nonabused  patties  did  not  (Table  126). 
V/hen  eighteen  months  of  frozen  storage  had  passed,  patties  stored  at  -10°F 
from  the  0°F  in  9fi  hour  rate  were  more  tender  than  those  rated  just  after 
freezing.     This  change  did  not  occur  for  the  other  freezing  rates  (Table 

127)  .    Between  eighteen  and  twenty-four  months,  tenderness  decreased  for 
the  0°F  in  72  hour  rate,  but  not  the  0°F  in  24  and  48  hour  rate  (Table 

128)  .     Adjusting  these  data  for  differences  pref reezi ng  did  not  alter  this 
finding  (Table  129). 

Values  for  final  tenderness  (evaluated  at  15  chews)  are  provided  next. 
Again,  there  is  indication  of  reduced  tenderness  for  the  0°F  in  '->6  hour 
rate  and  some  increase  in  tenderness  for  the  0°F  in  ^6  hour  rate  and  some 
increase  in  tenderness  with  advancements  in  storage  time  (Ta^ie  130).  Just 
before  and  after  freezing  there  were  no  differences  in  tenderness  due  to 
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Tdble  120.     Interaction  effect  of  storage  time  (just  before  ana  after 
fr-eezing)  and  rate  or  freezing  on  sensory  scores  for 
initial  tenderness  in  grouna  ueef  patties  witfi  soy 


Freezing  Kate, 

iiours  to  U°F 

Ev  a1 uat  i  on 
t  ime 

24 

48 

72 

96 

yefore  freezing 

5.75  + 

1  7dbc 

5  .57  +  .  1  7duc 

b.05  +  . 1 7ab 

b  .37 

+ 

1/a 

Iiiin;ed  i  ately 
fol lowing 
freezing,  1  oay 

5 . 56  +  . 

1  7bco 

5.  OS  +  .  12de 

5.11  +  .12cde 

4.57 

+ 

12e 

abcde    Any  mean  comparison  witn  different  letters  is  different  (P<.u5). 
I'lean  +  S.E. 


Table  121.    Effect  of  final  storage  temperature  on  sensory  scores 
for  initial  tenderness  in  ground  beef  patties  with  soy 
following  six  months  storage 


Final  Storage  Temperature,  °F 


-lOT 

OT 

20T 

20N 

5.20  +  .061a 

5.19  + 

061  a 

5.09  +  .061a 

4.85  +  .061b 

ab    Means  on  the 

same  line 

wi  th 

different  letters 

are  different 

(P<.05);  Mean  +^  S.E.  T  =  temperature  abused,  N  =  not  temperature 
abused . 


Tdole  122.    Effect  of  teniperature  abuse 
on  sensory  scores  for  initial  tenaerness 
in  ground  beef  patties  with  soy  following 
six  niontlis  storage 


Teniperature 

Abuse 

T  N 

5.0ya 

4.85b 

ab    Difference  between  means  signiticarit 
(P<.u5).    Mean.    T  =  temperature 
abused,  h  -  not  temperature  abusea. 
Includes  just  +2u°F  final  storage 
temperature.    S.E.  not  calculable. 


Table  123,    Effect  of  various  storage  time 
codipar i suns  on  sensory  scores  fur  initial 
Lenaerness  in  ground  beef  patties  with  soy 


Evaluation 

t  imes 

Iiiiiiied  i  ate  1  y  fol  lowing 
freezing,  1  day 

9  months 

4.57  ^  .24b 

5.23  +  .24d 

linaiedi  ately  tol  lowing 
freezing,  1  day 

12  months 

5.08  +  .12b 

5.50  +  .12a 

Imnieoi  ately  fo  1  lowing 
freezing,  i  day 

12  months^ 

4.57  .22b 

5.37  +  .22a 

y  months 

12  months 

5.11  +  .U45b 

5.52  +  .U47a 

Immediately  following 
freezing,  1  day 

16  months 

5.08  +  .096b 

5.44  +  .096a 

ab    Differences  between  ineans  on  the  saiue 
line  are  different  (P<.u5);  i'iean  +  S.E. 


•^Includes  just  0°F  in  yb  hr  rate. 
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Table  128.     Interaction  effect  of  storage  time  (eighteen, 

twenty-four  months)  and  rate  of  freezing  on  sensory 
scores  for  initial  tenderness  in  ground  beef  patties 
with  soy 


Freezi  ng 

rate , 

hours 

to  0°F 

Eval uat  ion 
Time,  months 

24 

48 

72 

18 

5.18 

+ 

.071  be  5 

.46  + 

.071 ab 

5.49 

+  .071a 

24 

5.37 

+ 

071abc  5 

49  + 

071a 

5.09 

+  .10c 

abc    Any  mean  comparison  with  different  letters  is  different 
(P<.05)  .    Mean  +  S.E. 
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160 

Table   129.     Interaction  effect  of  storage  time  (eighteen, 
twenty-four  months)  and  freezing  rate  on 
sensory  scores  for  initial  tenderness  in 
ground  beef  patties  with  soy  -  data  adjusted 
for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  24  48  72 


18  5.44  +  .071a      5.60  +  .071a      5.46  +  .071a 

24  5.63  +  .071a      5.63  +  .071a      5.06  +  .10b 


ab  Any  mean  comparison  with  the  same  letters  is  not 
different  (P>.05).     Mean  +  S.E. 
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freezing  rate,  but  there  was  a  reduction  in  tenderness  between  these  two 
tinips  for  product  frozen  to  n°F  in  96  hours  (Table  131).     Final  tenderness 
prior  to  freezing  was  higher  for  the  n°F  in  96  hour  product  which 
necessitated  adjustments  in  some  interpretations.    After  six  n'onths, 
product  frozen  to  0°F  in  12  liours  was  scored  as  less  tender  than  the  ottier 
three  rates  (Table  132).     Adjusting  the  values  for  pre-freezing  differpnces 
resulted  in  [latties  from  the  0°F  in  24  hour  rate  being  more  tender  than  tlie 
n°F  in  96  l)our  rate  at  six,  nine  and  twelve  montlis  (Table  133).  After 
eighteen  months,  product  from  the  0°F  in  96  hour  rate  was  less  tender  than 
patties  from  the  0°F  in  ^8  liour  rate.    There  were  also  some  additional 
freezing  rate  effects  on  final  tenderness  at  various  storage  times,  but 
they  were  always  in  favor  of  greater  tenderness  with  faster  freezing  rates. 

As  with  initial  tenderness,  nonabused  +20°F  final  stored  product  at 
six  months  had  less  tenderness  than  temperature  abused  patties  from  the 
other  rates  (Table  134,  135). 

Increases  in  storage  time  produced  iniprovement  in  final  tenderness 
values  (Table  136).    Again  at  twelve  months,  -10°F  initial  and  l)°F  final 
and  its  reciprocal  generated  greater  tenderness  than  just  after  freezing 
(Table  137). 

Connective  tissue  values  are  presented  next  and  wouldn't  be  expected 
to  he  greatly  influenced  by  the  study  variables  (Table  138).     Following  six 
months,  patties  frozen  to  0°F  in  96  hours  exhihited  less  sensory  panel 
determined  connective  tissue  than  patties  frozen  to  f'°F  in  7?  hours  (Table 
139).     An  interaction  of  before  and  after  freezing  with  storage  tir'e  was 
based  on  the  decreased  detectahi  1 i ty  of  connective  tissue  for  n°F  in  72  and 
96  hour  product,  but  not  the  other  two  rates  (Table  140).     At  six  months. 
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Table  131.     Interaction  effect  of  storage  time  (just  before  and  after 
freezing)  and  rate  of  freezing  on  sensory  scores  for  final 
tenderness  in  ground  beef  patties  with  soy 


Freezing  Rate, 

hours  to  0°F 

Eval uation 
t  ime 

24 

48 

72 

96 

Before  freezing 

6.16 

+  .16ab 

6.20  +  .16ab 

6.25  +  .15ab 

6.70 

+  .16a 

Immediately 
fol 1 owi  ng 
freezing,  1  day 

5.98 

+  .16bc 

5.72  +  .llbc 

5.61  +  .llbc 

5.37 

+  .11c 

abc    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 
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Table  132.    Effect  of  freezing  rate  on  sensory  scores  for  final  tenderness 
in  ground  beef  patties  with  soy  just  before  freezing  and  after 

six  months  storage 


 Freezing  Rate,  hours  to  0°F  

Eval uation 

time  24  48  72  96 


Just  before 

freezing  6.16  +  .056b       5.20  +  .056b      6.25  +  .056b      6.70  +  .056a 

6  months  5.71  +  .065a       5.69  +  .065a      5.40  +  .065b      5.84  +  .065a 


ab    Means  on  the  same  line  with  the  same  letters  are  not  different  (P>.05). 
Mean  +  S  .E  . 
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Table  133.  Effect  of  freezing  rate  on  sensory  scores  for  final  tenderness  In 
ground  beef  patties  with  soy  following  various  periods  of  storage 
-  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

6  5.88  +  .065a      5.82  +  .065a       5.48  +  .065b      5.46  +  .065b 

9  6.00  +  .086a      5.80  +  .086ab     5.67  +  .086ab     5.44  +  .086b 

12  6.13  +  .086a      6.10  +  .086a      6.18  +  .086a       5.66  +  .086b 

18  6.13  +  .080ab     6.37  +  .080a      6.15  +  .080ab     5.83  +  .080b 


ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1121Q,   p.  13 
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Table  134.    Effect  of  final  storage  temperature  on  sensory  scores 
for  final  tenderness  in  ground  beef  patties  with  soy 
following  six  months  storage 


Final  Storage  Temperature,  °F 

-lOT 

OT  20T 

20N 

5.74  +  .065a 

5.76  +  .065a         5.72  +  .065a 

5.43  +  .065b 

ab    Means  on  the  same  line  with  different  letters  are  different 

(P<.05);  Mean  +_  S.E.  T  =  temperature  abused,  N  =  not  temperature 
abused . 


Table  135.    Effect  of  temperdture  abuse 
on  sensory  scores  for  final  tenderness  in 
ground  beef  patties  with  soy  follov/ing 
six  f[,onths  storage 


Temperature  Abuse 


5.72a  5.43d 


db    difference  oetween  inedns  significant 
(P<.05).    Mean.    T  =  temperature 
abusea,  N  =  not  temperature  abused. 
Includes  just  +20°F  final  storage 
temperature.     S.t.  not  calculable. 


Table  136.    Effect  of  various  storage  time 
comparisons  on  sensory  scores  for  final 
tenderness  in  ground  beef  patties  with  soy 


Eval  uat  ion 

t  imes 

Immediately  following 
freezing,  1  day 

9  months 

5.37  +  .17b 

5.78  +  .17a 

Immediately  following 
freezing,  1  day 

12  months 

5.67  +  .09b 

6.02  +  .09a 

Immediately  following 
freezing,  1  day 

12  months'^ 

5.37  +  .12b 

6.00  +  .12a 

9  months^ 

12  months'^ 

D  .  /o   +    • UDD 

D . UU   +    .  UD  a 

9  months^ 

12  months^ 

5.73  +  .04b 

6.02  +  .04a 

Immediately  following 
freezing,  1  day 

18  months 

5.67  +  .10b 

6.12  +  .10a 

ab    Differences  between  means  on  the  same 
line  are  significant  (P<.05). 
Mean  +  S.E. 

•^Includes  0°F  in  96  hr  freezing  rate. 

■^Includes  just  temperature  abused  product. 
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Table  139.  Effect  of  freezino  rate  on  sensory  scores  fur  a.nount 
of  connective  tissue  in  qrouriu  beef  pcitties  witn  soy 
followinq  various  storage  periods 


 Freezinu  r-att-,  hours  to  U°r  

Evaluation 

Time  24  4B  72  96 


IiLiiied  i  ate  ly  toll  owi  nq 

freezing,  1  aay^  6.23  +  .1?         o.i)3  +  .12  +  .12         5.50  +  .12 

b  T-onrns  S.H'^  +  .{Joe      5.y2  +  .'//be  +  .u7  c  +  .','7b 


''l<ate  effect  significant  (P<.0^)  by  analysis  of  variance  (P<.!J5)  but  not  by  hSD. 

be    i'-eans  cn  tne  sa-^e  lirie  witn  different  letters  cjte  different  (H<lij). 
,'^iean  +  S.E. 
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Table  140.     Interaction  effect  of  storage  time  (just  before  and  after 
freezing)  ana  freeziiui  rate  on  sensory  scores  for  amount 
of  connective  tissue  in  ground  beef  patties  v;ith  soy 


 Freezing  Kate,  hours  to  u'F 

Eval uat  ion 


Time 

24 

48 

72 

96 

•^efore  freezing 

6.30 

+  .11a 

6.05  +  .  1 1  a 

5.17  +  .11a 

0 

36 

+  .11a 

Ii,i;neoi  atel y  fol  lowina 
freezing,  1  day 

6  .23 

+     .  1  1  n 

6.03  +  .07^' a 

5.48  +  .1178b 

5 

bO 

+  .07oi) 

3b    A,ny  niean  conparison 
i''ean  +  S.E. 

w  i  t  I'l 

tne  Sdiie 

letters  is  not 

oifferent  (P>. 

05 ) 
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nonabused  product  was  rated  as  having  less  connective  tissue  than 
temperature  abused  product  (Table  141).    While  a  significant  i ni ti a  1 -t i na 1 
storage  tenperature  freezing  rate  interaction  was  detected  following  nine 
months,  the  single  differpnce  followed  no  logical  pattern  (Table  142). 

As  storage  time  progressed,  for  son>e  reason  less  connective  tissue  was 
detected  by  the  sensory  (janel  compared  to  just  post -f  reezi  ng  (Table  143). 
This  appeared  to  be  true  at  nine  montfis  for  patties  frozen  to  0°F  in  96 
hours,  bur.  not  for  patties  frozen  to  n°F  in  24  hours  (Table  144).  Between 
nine  and  t\'^elve  months,  less  detectable  connective  tissue  was  found  for 
both  the  0°F  in  24  and  72  hour  freezing  rates  but  not  the  n°F  in  48  and  96 
hour  rate  (Table  145).    For  -10°F  final  temperature  stored  product,  this 
reduced  detectabi  1  i ty  of  connective  tissue  between  nine  and  t''/elve  months 
was  true  only  for  nonabused  i^roduct  (Table  146).     After  twelve  months  of 
storage,  patties  stored  both  initially  and  finally  at  n°F  were  rated  as 
having  less  connective  tissue  than  just  after  freezing  if  the  patties  had 
been  frozen  to  n°F  in  72  or  96  hours  (Table  147).     In  the  case  of  eighteen 
months  of  storage,  for  both  of  these  freezing  rates,  less  connective  tissue 
was  found  after  storage  compared  to  just  post-freezing,  regardless  of 
i  ni  t  i  a  1  -  f  i  na  1  temperature  conibi  nati  ons  (Table  148).    There  were  again 
indications  of  this  trend  following  twenty-four  months  of  storage,  but  no 
differences  exceeded  the  HSO  value  (Table  149). 

General  values  for  Instron  peak  load  are  i)rovided  in  Table  150.  i^otii 
n°F  in  24  and  '^6  hour  rates  produced  lower  values  (greater  tenderness). 
These  rate  effect  differences  seemed  to  be  extended  out  into  storage. 
However,  this  trend  was  noted  even  before  the  products  were  frozen.  After 
all  storage  times  (and  even  before  freezing),  [jroduct  frozen  to  0°F  in 


Tdole  141.    Effect  of  temper ature  aouse  on 
sensory  scores  for  amount  of  connective 
tissue  in  ground  beef  patties  with  soy 
following  six  months  storage 


Temperature  Abuse 


5.y4a  b.71b 


dD    Lnfterence  between  means  significant 
(P<.05).    Mean.    T  =  temperature 
abused,  i\  =  not  Lemperature  abused. 
S.E .  not  calcul able. 
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Table  143.    Effect  of  various  stordae  tifoe 
CQiiipar  i  sons  on  sensory  scores  for  aiiiount 
of  connective  tissue  in  ground  beef  patties 
with  soy 


Evaluation 

T  iiiies 

IiTiined  i  at  e  1  y  fo  1  1  owi  ng 
freezing,  1  day 

y  nioriths 

6.50  +  .17b 

5.93  +  . 17d 

linnieu i  ate]  y  fo  1 1  ov-  i  nq 
freezing,  1  day 

12  fiionths^ 

D.cl    +  .i)7oD 

0. 19  +  .07hd 

I;nmedi  ately  following 
freezing,  1  day 

12  months'^ 

5.50  +  .073b 

6.30  +  .t73a 

Immediately  following 
freezing,  1  day 

18  inontlis 

5.81  +  .073b 

6.50  +  .073d 

hiiiiied  i  ately  followinn 
freezing,  1  a  ay 

24  months 

5.yl  +  .095b 

o.Z'6  +  .095  a 

18  months 

24  fiontns 

b.'^S  +  .03  a 

0.2  7  +  .03d 

ab    oifferences  between 
line  s ion i f i cant  ( P< 
i-1ean  +  S.E. 

means  on  tne  same 

"^Includes  just  temperature  abused  product. 

'•'Includes  just  o°e  in 
rate  product. 
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Table  145.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 
freezing  rate  on  sensory  scores  for  amount  of  connective 
tissue  in  ground  beef  patties  with  soy 


 Freezing  rate,  hours  to  0°F  

L"v  a]  uat  ion 

Time,  months  24   48  72  96 


9  5.b3  +_  .Obbc       5.9n  +_  .06ab         5.63  +_  .Uoc         6.06  +_  .06ab 

12  o       +  .f;r..a         6.1^^  +  .Ubab         6.20  +  .Ooa        o.27  +  .I'oa 


abc    any  luean  comparison  with  different  letters  is  different  (P<.05). 
■■ieati  +  S.L. 


Table  146.     Interaction  effect  of  storage  time  (nine,  twelve 
ronths),  t  enioeratiire  abuse  and  final  storane 
temperature  on  sensory  scores  for  amount  of 
connective  tissue  in  arcunc  beef  patties  with  soy 


Final  Storage  Temperature,  °F 

Evaluation  Te.fiperdturp 

Mme,  months  abuse  -10  0 


9  T 
N 

12  T 

■  iV 


6.20  +_  .035a 
5.70  +_  .08^b 

6.?0  +  .OdSa 


5.92  +  .08bab 

5.  bOi  T  .085ab 

6.33  +  .085  a 

h.36  +  .Ooba 


ao    Any  niean  coamarisons  with  different  letters  are  different 
[P<. '"!:>).     .■■iPrtU  +  S.L.     T  =  tea-iper ature  aoused, 
N  =  not  temperarure  abused. 
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17  hours  had  higher  Instron  peak  load  values  tfian  the  0°F  in  ?4  and  96  hour 
rates.    At  all  ^ut  the  immediately  post-freezing  time,  the  n°F  in  7?  hour 
rate  also  had  higher  values  than  the  0°F  in  4y  hour  rates  (Table  151). 
However,  adjusting  these  freezing  rate  data  for  differences  prior  to 
freezing  eliminated  many  of  the  significant  effects  due  to  rate  (Table 
152).     Values  for  the  0°F  in  48  hour  freezing  rate  were  lowest,  but  not 
always  significantly  (P<.n5)  so  from  tlie  other  rates.    For  patties  frozen 
to  0°P  in  96  hours,  after  twelve  'ponths  of  storage,  temperature  abuse 
decreased  peak  load  values  for  patties  initially  stored  at  -10°F  and 
increased  values  for  0°F  stored  product  (Table  153). 

Except  for  freezing  itself  (which  increased  peak  load  values), 
advancenients  in  storage  where  significant,  decreased  peak  load  values 
(Table  154).     After  six  months  of  storage  and  for  the  0°F  in  48  hour 
freezing  rate,  only  final  storage  at  both  0°F  and  -in°F  increased  peak  load 
values  to  those  reported  right  after  freezing  (Table  156).    Between  nine 
and  twelve  months,  temperature  abuse  showed  indication  of  increasing  peak 
load  values,  but  decreasing  other  (Table  156).     Between  right  after 
freezing  and  twelve  nionths,  values  increased  for  n°F  in  72  hour  frozen 
product  stored  initially  at  -in°F  and  finally  at  (i°F  (Table  157,  158). 
Between  twelve  and  eighteen  months  of  storage,  Instron  peak  load  values 
decreased  in  patties  which  were  initially  stored  at  -10°F;  no  differences 
were  detected  if  initial  storage  was  at  0°F  (Table  159). 

Instron  Newton  values  showed  very  similar  fronds  to  tltat  noted  for 
peak  load  values.     In  other  words,  values  were  liighest  for  the  n°F  in  17. 
hour  rate.     Storage  didn't  seem  to  appreciably  alter  or  change  values 
greatly  (Table  160).     Like  peak  load,  the  biggest  change  in  Itewtons  seemed 
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Table  152.     Effect  of  freezing  rate  on  Instron  peak  load  values  for  ground 
beef  patties  with  soy  following  various  periods  of  storage  — 
data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  %  

6  6.18  +  .19bc      5.62  +  .19c        6.94  +  .19a        6.54  +  .19ab 

18  6.11  +  .17ab      5.53  +  .17b        6.29  +  .17a        6.07  +  .17ab 

24  5.96  +  .18a        5.07  +  .18b        5.11  +  .25b 


abc  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 


1103Q,  p.  21 
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Table  153.     Interaction  effect  of  temperature  abuse  and  initial  storage 

temperature  on  Instron  peak  load  values  for  ground  beef  patties 
with  soy  following  twelve  months  storage^ 


 Initial  storage  temperature,  °F 

Temperature 

abuse  -10  0 


T  5.23  +  .16  5.80  +  .16 

N  5.96  +  .16  5.52  +  .16 


^  Interaction  effect  significant  (P<.05)  by  analysis  of  variance,  but  not 
by  HSD.     Includes  only  0°F  in  96  hr  rate.     T  =  temperature  abuse,  N  =  not 
temperature  abused. 
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Table  155.     Interaction  effect  of  storage  time  (nine,  twelve  months), 

temperature  abuse  and  initial  storage  temperature  on  Instron  peak 
load  values  for  ground  beef  patties  with  soy^ 


Initial  storage 

temperature 

Evaluation 
time,  months 

Temperature 
abuse 

-10 

0 

9 

T 

5.98  + 

.20 

5.80 

+  .20 

N 

5.56  + 

.20 

5.91 

+  .20 

12 

T 

5.23  + 

.20 

5.80 

+  .20 

N 

5.96  + 

.20 

5.52 

+  .20 

^  Interaction  effect  significant  (P<.05)  by  analysis  of  variance,  but  not 
by  HSD.     Mean  +  S.E.     Includes  only  the  0°F  in  96  hr  rate.     T  =  temperature 
abused,  N  =  not  temperature  abused. 


1060Q,  p.  3 


tU  O 

c  m 

4-1  _d 

4-1 

-a  -r-l 

c  s 

o 

CD 

O 

iH  0) 

ctJ  tH 

O 

•H  J-l 

4-1 

4-1  4-1 

CO 

d  ex 

l-l 

CM 

•H 

3 

rv. 

o 

-  OJ 

Xi 

^  0) 

CO  XI 

x; 

a; 

4-1  -a 

4-1 

d  d 

CO 

O  3 

U 

a  o 

u 

00 

d 

> 

•H 

r-l  U 

N 

0)  O 

0) 

S  u-i 

OJ 

4-1 

U 

CO 

"  0) 

CD 

00  d 

-d- 

d  rH 

•H  ct3 

N  > 

(U  T3 

U  CO 

i^-l  O 

,—1 

00 

d  ^ 

•H  CO 

O  O- 

tH  d 

O  O 

-d- 

U-l  U 

4J 

>~.  CO 

tH  d 

0)  M 

4-1 

CO  d 

•H  O 

o 

a; 

QJ  00 

00 

a  d 

CO  0) 

a  -H 

u  u 

•H  N 

O  3 

^  OJ 

4-1  4-1 

0) 

CO  cO 

OJ  U 

u 

a  M-( 

tH  (U 

•H 

CO  CI. 

4-)  14-1 

d  a 

O 

•rH  OJ 

ttn  4-1 

OO  CD 

CO  4-i 

S-l  CO 

O  U 

4-1 

00  0 

CO 

CO 

d 

u 

CO 

O  0) 

o 

4-1  l-l 

CO  3 

4-1  M 

4-1 

u  d 

rH  cO 

a;  4-1 

CO  S-l 

CO 

•H  o; 

4-1 

4-1  cx 

0)  OJ 

•H  a 

cx 

d  <D 

d  a 

M  4-1 

o  <u 

•H  4J 

4-1 

CJ  Q) 

CO  00 

V-i  CO 

0)  l-i 

4-1  O 

d  4-1 

M  CO 

• 

d 

o 

Ln 

•H 

1 — 1 

4-1 

CO 

<u 

rH  (U 

CO  a 

>  -H 

W  4-1 

4-1 

4-1 

4-1 

14H 

Q.1 

QJ 

t3 

CJ 

n 

r> 

to 

CO 

CO 

CO 

CO 

to 

to 

m 

in 

in 

m 

in 

CO 

CO 

CO 

CO 

• 

• 

• 

• 

+  1 

+1+1+1 

-f- 

-1- 

vI3 

CO 

m 

<r 

I — ' 

o> 

00 

00 

00 

CO 

4-1 

4-1 

CU 

4-1 

T3 

t3 

qj 

o 

CJ 

^ 

T} 

XI 

X) 

X3 

n 

n 

U 

CO 

CO 

CO 

CO 

cO 

to 

m 

m 

in 

m 

m 

m 

in 

TO 

CO 

CO 

CO 

CO 

CO 

• 

• 

• 

• 

• 

-1- 1 

+ 

+ 

+ 1 

+  1  + 

m 

CO 

CM 

o 

CN 

O 

< — 1 

CO 

in 

rH 

r-^ 

C7^ 

C7^ 

00 

CO 

4-1 

4-1 

4-1 

4H 

OJ 

cu 

a; 

OJ 

13 

T3 

t3 

x) 

-d 

O 

O 

(J 

o 

o 

o 

XI 

XI 

XI 

XI 

XI 

XI 

CO 

CO 

CO 

CO 

CO 

to 

CO 

Ln 

tn 

u-l 

in 

m 

in 

in 

c^ 

c^ 

CO 

CO 

CO 

CO 

• 

• 

4- 1 

+  1  + 

+  1 

+  1  +  1  + 

C30 

o 

o 

CO 

,  ( 

in 

CO 

CNI 

-H 

CO 

CO 

CO 

CO 

00 

4-1 

4H 

4-1 

0) 

(U 

-o 

4H 

4-( 

o 

4-( 

<u 

a 

OJ 

o 

XI 

QJ 

t3 

XJ 

in 

m 

m 

m 

m 

CO 

CO 

CO 

CO 

• 

+ 

+ 

+  1 

+ 

+ 

+ 

CM 

CO 

CN 

o 

m 

• 

00 

d 

•H 

o 

r-\ 

O  CO 

4H  13 

>^  rH 

(U  " 

4-1  00 

CO  d 

•H  -H 

T3  M 

CU  (U 

a  OJ 

a  M 

I— I  4H 


H  H  Z 
o  o  o 


O 
I 


CO 

x: 

4-1 

d 
o 
a 


H  H  2; 
o  o  o 


d) 

CO 

3 

XI 

CO 

1) 

3 

4-1 

CO 

U 

(V 

Du 

ca 
a 

1) 

H 

• 

CO 

1  1 

+ 1 

d 

CO 

in 

o 

V 

Clj 

4-1 

d 

<D 

IH 
4H 

•H 

t3 

CO 

•H 

CO 

U 

<U 

4-1 

4-1 

<D 

iH 

4-1 

d 

OJ 

l-l 

0) 

4H 

mh 

tH 

• 

t3 

x) 

OJ 

x: 

CO 

4-1 

3 

•H 

XI 

s 

to 

d 

QJ 

o 

t-i 

CO 

—1 

CO 

to 

JH 

cx 

cu 

a 

O 

a 

u 

OJ 

4-1 

d 

to 

4-1 

0) 

O 

a 

d 

II 

•z. 

ef 

13 

U 

XI 

to 

(U 

(D 

"O 

"O  t3 

CJ 

CJ 

CJ  CJ 

jO 

J3 

X5  ^ 

r— 1 

(0 

CO 

CO 

CO  CO 

CO 

CO 

CO  CO 

CO 

CO 

CO  CO 

4J 

-1-  1 

o 

vD 

+ 

1+  1 

+  1  +  1 

00 

II 

cn  o 

3  CD 

ON 

00 

CO 

00  CO 

CT3  X! 

U 

1)  t-l 

<D 

Vj  s 

0)  (D 

cn 

p 

-O  T3 

■u  cn 

(D 

a 

CJ  CJ 

X 

CO  (1) 

o 

X) 

xi 

X3 

XI  X 

CO 

U  iH 

O 

O 

CO 

CO 

cfl  CO 

OJ  iJ 

c^ 

CO 

CO 

CO  CO 

a) 

CXi  4-1 

o 

fn 

CO 

CO  CO 

S  CO 

J-J 

(U  cx 

+  1  +  1 

4-1 

cn 

CNl 

-f  1 

+ 

+  1 

cO 

CH 

}_l 

•>  0) 

3 

CNJ 

^  oo 

(U 

o 

CNl 

o 

<j-  ^ 

CO  ^ 

g 

o> 

o> 

CO  CO 

CD 

J-)  irj 

4J 

C  C 

u 

O  3 

4-> 

II 

8  O 

CO 

0) 

^1 

t3  <D 

H 

o 

o 

o  "d 

J» 

00 

JD 

-O  o 

>— <  (-1 

c 

CO 

CO 

CO 

CO  X) 

<l)  o 

•rH 

CO 

CO 

CO 

CO  CO 

C4_( 

N 

CO 

CO 

CO 

CO  CO 

0) 

C/3 

<U 

V-i 

CO 

+  1 

+ 

+  1 

+  1  +  1 

+ 

60  3 

Ci-, 

C  .H 

CO 

CO 

CO  o 

d 

•H  CO 

,— t 

lO 

CO 

CNl  O 

cO 

N  > 

(D 

CD 

<U 

00 

CJ> 

CO 

00  CO 

s 

V4 

V-j  CO 

4-1 

14_|  O 

CO 

, — 1 

<u 

(D  CL) 

(-1 

OO 

(U 

uO 

<D 

c  ^ 

CJ 

OJ 

o  o 

o 

cx 

•H  cO 

CO 

CO 

CO 

CO  CO 

g 

CO 

CO 

CO 

CO  CO 

V 

<D 

O  CX 

cx. 

4-1 

4-  1 

+ 

-1-  1 

+  1  +  1 

<D 

o  o 

CN 

4-1 

OO 

\0 

CNl 

vO 

lTi  cn 

d 

cO 

CO 

CO  uO 

0) 

U 

>^  cn 

•  • 

(.1 

o 

r- 1  C 

CD 

4_) 

CD  1— 1 

U-I 

CD 

4-1 

CO  C 

•H 

1—1 

•H  O 

Cn 

cO 

T3 

o 

•H 

0)  CiO 

(U 

cn 

4-1 

S  d 

00 

•H 

•H 

S  tH 

cO 

c 

■H  N 

u 

cn 

•r-t 

o 

4J 

4-1 

o 

o 

o  o 

(D 

U, 

cn 

cO 

r-l 

rH 

4-1 

Q 

S 

^1 

1 

1 

U 

o 

,—) 

<D 

0) 

J-l  cj-i 

co 

CX 

r-l 

1 

o 

g 

4-1 

4-1 

4-1 

d 

cn 

CO  i-> 

CD 

3 

(_(  cO 

•""I 

O  M 

01 

4-1 

U-I 

cn 

cn  t3 

U-I 

CD 

tH 

"d 

M-i  CO 

3 

o 

3 

rH 

(1) 

4J 

o 

^  l-l 

cO 

Eh 

4J 

d 

O  3 

•H 

M 

0)  4-1 

ID 

•4-1  CO 

C/} 

14-1  V4 

g 

d 

OJ  OJ 

CD 

o 

cx 

H 

CO 

CD 

(D 

c  s 

CD 

o  a) 

(-1 

3 

•H  4-1 

00 

cO 

4J 

C3 

CX 

cO 

O  1) 

•r^ 

B 

CO  00 

15 

O 

0) 

(0 

o 

CJ 

(-1 

<D  U 

,—1 

3 

■u  o 

.H  >. 

d 

4-1 

C  4-1 

O  CO 

cn 

CO 

CO 

4-1 

>~i  I— 1 

r; 

4-1 

(D 

s 

t-i 
<D 
CX 

• 

(2 

o 

g 

CO 

O 

!D 

a 

CD 

IT) 

^ 

4-1  ao 

4-1 

1 — 1 

4_l 

CO 

co  d 

•H  -H 

CNl 

(1) 

CD 

-H 

CD 

(D  (D 

-o 

CO 

B 

□  (D 

O 

Ta 

T-t 

4-1 

B  M 
M  i4-( 

X3 
CO 

193 


Table  159.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 

initial  storage  temperature  on  Instron  peak  load  values  for  ground 
beef  patties  with  soy 


Initial 

storage  temperature,  °F 

 U  i  1  

Evaluation 
time,  months 

-10 

0 

12 

5.96  + 

.11a 

5.52  + 

.llab 

18 

5.20  + 

•  lib 

5.65  + 

.llab 

ab  Any  mean  comparison  with 

the  same 

letters 

is  not  different  (P>.05). 

Mean  +  S.E.     Includes  only  nonabused  0°F  in  96  hr  product. 
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to  be  simply  due  to  freezing.    The  effects  of  freezing  rate  on  Newton 
values  were  similar  to  that  for  peak  load;  in  that  at  most  storage  times 
the  0°F  in  17^  hour  rate  produced  higher  Newton  values  than  the  other  three 
rates  (Table  161).    Thus,  it  would  appear  that  differences  between  patties 
within  or  between  treatments  was  exerting  very  minor  effects  on  Instron 
values.    Adjusting  the  data  for  prefreezing  differences  (Table  162) 
resulted  in  many  of  the  differences  in  Newton  values  between  the  0°F  in  72 
and  96  hour  rates  to  be  nonsignificant  (P>.05).     After  twelve  months  of 
storage,  -10°F  initial  storage  produced  lower  Newton  values  than  n°F  (Table 
163).     There  were  some  indications  after  twelve  months  that  temperature 
abuse  increased  Newton  values  for  patties  stored  at  0°F,  while  the  opposite 
occurred  for  -10°F  stored  patties  (Table  164). 

Storage  up  to  six  months  increased,  Newton  values  overall,  while  the 
opposite  occurred  to  twelve  months  storage  (Table  165).     Between  nine  and 
twelve  months,  Newton  values  decreased  for  0°F  in  24  and  48  hour  rates,  but 
did  not  change  for  the  other  two  rates  (Table  166).    The  0°F  in  72  hour 
rate  had  the  highest  values.    Adjusting  these  data  for  pre-freezing 
differences  resulted  in  no  differences  between  freezing  rates  at  nine 
months  (Table  167).    There  were  also  some  indications  of  inconsistent 
trends  respective  to  temperature  abuse,  initial  storage  temperature  and 
storage  time  (nine  vs  twelve  months  -  Table  168).    The  higher  values  for 
Newtons  for  the  0°F  in  72  hour  rate  noted  right  after  freezing  was  also 
observed  for  all  treatment  combinations  at  twelve  months  (Table  169). 
Adjusting  these  data  for  differences,  pre-freezing  did  not  appreciably 
alter  these  differences  (Table  170).     Between  twelve  and  eighteen  months 
there  were  indications  (not  significant,  P<.05,  by  HSO)  that  values  went 
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Table  161.     Effect  of  freezing  rate  on  Instron  Newton  values  for  ground  beef 
patties  with  soy  following  various  storage  times 


Freezing  rate,  hours  to  Q°F 


Evaluation 

time,  months   24  48  72   96 


Before 

freezing 

11.25 

+ 

.52b 

13.10 

+ 

.52b 

16.18 

+ 

,52a 

10.49 

.52b 

After 
1  day 

freezing , 

16 . 72 

+ 

1.15b 

21.56 

+ 

1.15ab 

25.77 

+ 

1 . 15a 

17  .36 

+ 

1 . 15b 

6 

months 

20.24 

+ 

.84b 

21.10 

+ 

.84b 

29.10 

+ 

,84a 

21.02 

+ 

.84b 

9 

months 

18.63 

+ 

.62b 

21.24 

+ 

.82b 

26.08 

+ 

.82a 

19.23 

+ 

,82b 

12 

months 

14.65 

+ 

.45c 

15.85 

+ 

.45c 

26.65 

+ 

.56a 

19.35 

+ 

.45b 

18 

months 

18.94 

+ 

.59b 

20.22 

+ 

.59b 

26.98 

+ 

.59a 

20.47 

+ 

.59b 

24 

months 

20.46 

.63ab 

18.79 

+ 

.63b 

22.28 

+ 

.89a 

abc  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1060Q,   p.  22 
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Table  162.     Effect  of  freezing  rate  on  Instron  Newton  values  for  ground  beef 
patties  with  soy  following  various  storage  periods  —  data 
adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

6  21.74  +  .84b      20.76  +  .84b      25.67  +  .84a      23.28  +  .84ab 

12  16.16  +  .45b      15.50  +  .45b      22.22  +  .56a       21.62  +  .45a 

18  20.44  +  .59bc    19.88  +  .59c      23.55  +  .59a      22.74  +  .59ab 

24  21.96  +  .63a      18.45  +  .63b      18.85  +  .89b 


abc  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 


1103Q,  p.  22 
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Table  163.     Effect  of  initial  storage  temperature  on  Instron  Newton  values  for 
ground  beef  patties  with  soy  following  twelve  months  storage 


Initial  storage  temperature,  °F 


-10  0 


18.10  +  .35b  19.65  +  .35a 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E. 


1060Q,  p.  23 


I 
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Table  164.     Interaction  effect  of  temperature  abuse  and  initial  storage 

temperature  on  Instron  Newton  values  for  ground  beef  patties  with 
soy  following  twelve  months  storage 


 Initial  storage  temperature,  °F 

Temperature 


abuse  -10    0  

T  18.50  +  .53  20.21  +  .53 

N  20.35  +  .53  18.29  +  .53 


^  Interaction  significant  (P<.05)  by  analysis  of  variance  but  not  by  HSD. 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused.  Includes 
just  0°F  in  96  hr  rate. 


1060Q,  p.  26 


200 

Table  165.     Effect  of  various  storage  time  comparisons  on  Instron  Newton 
values  for  ground  beef  patties  with  soy 


 Evaluation  time  

Immediately 

Before  freezing  following  freezing, 
 1  day  


12.76  +    .48b  20.35  +  .38a 

Immediately  following 

freezing)  1  day   6  months 


20.35  +  1.19b  22.86  +  1.19a 

Immediately  following 

freezing,  1  day  12  months 


20.35  +     .58a  18.45  +  .58b 


ab  Differences  between  means  on  the  same  line  are  significant  (P<.05). 
Mean  +  S.E. 


1060Q,  p.  24 
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Table   166.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 

freezing  rate  on  Instron  Newton  values  for  ground  beef  patties 
with  soy 


 Freezing  rate,  hours  to  Q°F  

Evaluation 

time,  months  24   48  72   96 


9  18.63  +  .66bc      21.24  +  .66b        26.08  +  .66a      19.23  +  .66bc 

12  14.65  +  .66d        15.85  +  .66cd      26.04  +  .94a      19.35  +  .66b 


abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1060Q,   p.  27 
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Table   167.     Interaction  effect  of  storage  time  (nine,   twelve  months)  and 

freezing  rate  on  Instron  Newton  values  for  ground  beef  patties 
with  soy  —  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 


9  20.14  +  .66a      20.89  +  .66a       22.65  +  .66a       21.49  +  .66a 

12  16.16  +  .66b      15.50  +  .66b      22.61  +  .94a       21.62  +  .66a 


ab  Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05).     Mean  +  S.E. 


1103Q,   p.  24 
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Table  168.     Interaction  effect  of  storage  time  (nine,  twelve  months), 

temperature  abuse  and  initial  storage  temperature  on  Instron 
Newton  values  for  ground  beef  patties  with  soy^ 


Evaluation 
time,  months 


Temperature 
abuse 


Initial  storage  temperature,  °F 


-10 


0 


19.61  +  .54 
17.40  +  .76 


18.84  +  .54 
19.99  +  .54 


12 


18.50  +  .54 
20.35  +  .54 


20.21  +  .54 
18.29  +  .54 


^  Interaction  significant  (P<.05)  by  analyses  of  variance,  but  not  by  HSD. 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused.  Includes 
just  0°F  in  96  hr  freezing  rate. 


1060Q,  p.  28 
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down  for  patties  initially  stored  at  -10°F  and  went  up  for  patties  stored 
at  0°F  (Table  171).    There  was  a  substantial  drop  in  Newton  values  between 
eighteen  and  twenty-four  months  for  patties  frozen  to  0°F  in  72  hours 
(Table  172  ,  173). 

General  values  for  Instron  modulus  are  provided  in  Table  174.  Higher 
modulus  values  reflect  greater  stress  or  load  in  relation  to  peak 
elongation  or  strain.     Freezing  produced  the  greatest  increase  in  modulus 
values.     Increases  in  both  storage  time  and  the  use  of  +20°F  increased 
modulus  values. 

The  0°F  in  72  hour  rate  was  the  only  one  not  to  show  increased  modulus 
values  as  a  result  of  freezing  (Table  175).    Just  before  freezing  the  0°F 
in  24  hour  rate  formulation  produced  the  highest  modulus  values,  while 
after  eighteen  months  of  storage  the  two  faster  rates  yielded  higher 
Instron  modulus  values  than  the  two  slower  rates  (Table  176).  Adjusting 
these  pre-freezing  differences  didn't  change  the  eighteen  month  freezing 
rate  differences  except  to  make  the  values  higher  for  0°F  in  24  vs  0°F  in 
48  hour  rate.    However,  the  0°F  in  24  and  48  hour  rates  now  produced  higher 
modulus  values  at  twenty-four  months  than  the  0°F  in  72  hour  rate  (Table 
177). 

At  just  six  months  of  storage,  -10  and  0°F  storage  temperatures  had 
lower  modulus  values  than  the  +20°F  storage  temperature  (Table  178).  At 
the  nine  month  storage  interval,  temperature  abuse  substantially  increased 
the  modulus  values  (Table  179).    The  0°F  in  96  hour  rate  created  higher 
modulus  values  than  the  other  two  rates  following  nine  months  when  -10°F 
storage  was  employed;  use  of  O^F  storage  produced  no  freezing  rate  effect 
on  modulus  at  this  storage  time  (Table  180).     At  twelve  months  of  storage, 
the  use  of  0°F  produced  higher  values  than  -10°F  final  storage  (Table  181). 
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Table  171.     Interaction  effect  of  storage  time  (twelve,  eighteen  months)  and 
initial  storage  temperature  on  Instron  Newton  values  for  ground 
beef  patties  with  soy^ 


 Initial  storage  temperature,  °F 

Evaluation 

time,  months  -10    0  


12  20.35  +  .57  18.29  +  .57 

18  19.65  +  .57  21.30  +  .57 


^  Interaction  significant  (P<.05)  by  analyses  of  variance,  but  not  by  HSD. 
Mean  +  S .E.     Includes  just  0°F  in  96  hr  rate. 


1G60Q,  p.  29 
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Table  172.     Interaction  effect  of  storage  time  (eighteen,  twenty-four  months) 
and  freezing  rate  on  Instron  Newton  values  for  ground  beef  patties 
with  soy 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  24  48  72 


18  18.94  j-  .50c  20.22  +  .50bc  26.98  +  .50a 

24  20.46  +  .50bc        18.79  +  .50c  22.29  +  .71b 


abc  Any  mean  comparison  with  different  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


1060Q,  p.  30 
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Table  173.     Interaction  effect  of  storage  time  (eighteen, 

twenty-four  months)  and  freezing  rate  on  Instron 
Newton  values  for  ground  beef  patties  with  soy  — 
data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  24  48  72 


18  20.44  +  .50bc    19.88  +  . 50bc    23.55  +  .50a 

24  21.96  +  .50ab    18.45  +  .50c      18.86  +  .71c 


abc  Any  mean  comparisons  with  different  letters  is  different 
(P<.05).     Mean  +  S.E.     Includes  just  nonabused  product. 


1103Q,  p.  23 
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Table  174.    General  taDle  illustrating  Instron  iiioaulus  values  for  ground  beef  patties 
with  soy  throughout  storage  according  to  final  storage  temperature  and 
rate  of  freezing  -  no  statistical  analyses^ 


iiluation                Final  storage^ 
inie   temperature,  °F  24 


ore  freezing 

1  y . 

'j  0 

0 

d  . 

1  1 
1  1 

lediately  tol  lowing 

!ezing,  1  day 

27. 

4  9 

3. 

37 

months 

-10 

31 

91 

3 

79 

0 

34 

73 

T 

4. 

37 

OAT 

201 

34 

.  8  1 

+ 

(14 

9  n  n 

7 

4- 

/I 

0'+ 

months 

-lOT 

3  b 

.01 

+ 

3 

.8b 

-ION 

OT 

34 

.59 

+ 

4 

.44 

ON 

months 

-lOT 

35 

.74 

+ 

4 

.25 

-ION 

OT 

36 

.65 

+ 

4 

.10 

ON 

months 

-ION 

42 

.55 

+ 

3 

.89 

ON 

41 

.66 

T 

4 

.94 

months 

-ION 

38 

.14 

+ 

9 

.87 

ON 

40 

.44 

T 

8 

.05 

Freezing  rate,  hours  to  0°F 


4b  72  9b 


22. 

72 

+ 

2. 

27 

24. 

97 

+ 

2. 

98 

20. 

15 

+ 

3. 

21 

28. 

28 

3 . 

60 

27 . 

3 1 

3 . 

1 3 

28 . 

04 

+ 

3 . 

93 

34 

55 

+ 

3 

45 

32 

84 

+ 

3. 

54 

29 

64 

+ 

5. 

bO 

32 . 

/U 

+ 

4  . 

U8 

3  1 

Ub 

+ 

4  . 

JU 

o 

0  . 

vu 

36 

03 

T 

3 

b3 

35 

77 

T 

4 

78 

35 

18 

T 

5 

21 

36. 

87 

T 

4 

56 

34 

72 

4 

34 

35 

31 

T 

3 

9y 

36 

.19 

+ 

3 

84 

35 

.70 

+ 

4 

.  1  1 

39 

.91 

+ 

4 

84 

34 

99 

T 

.67 

35 

.70 

+ 

4 

.96 

38 

.07 

+ 

4 

.37 

41 

.29 

+ 

4 

.63 

31 

.01 

T 

3 

.93 

36 

.71 

+ 

3 

.73 

36 

.54 

+ 

4 

.08 

37 

.b2 

+ 

4 

.Id 

39 

.bb 

+ 

5 

.54 

37 

.88 

+ 

5 

.13 

37 

.07 

4 

.28 

4  1 

.33 

+ 

D 

.72 

38 

.60 

T 

3 

.69 

40 

.32 

+ 

4 

.61 

34 

.99 

+ 

4 

.91 

32 

.64 

+ 

3 

.45 

40 

.21 

5 

.00 

35 

.54 

T 

3 

.b7 

34 

.58 

T 

3 

.  9b 

38 

.94 

+ 

6 

.01 

38 

.36 

+ 

7 

.99 

44 

.30 

T 

7 

.88 

33 

.03 

T 

10 

.86 

an+  S.D.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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Table  176.     Effect  of  freezing  rate  on  Instron  modulus  values  for  ground  ueef 
patties  with  soy  follovnng  various  storage  periods 


Freezing  rate,  hours  to  0°F 


Evaluation  time  24  48  72  ^6 

Imii'edi  ately  before 

freezing  19.32  +  .63b       22.72  ^  .63ab    24.97      .63a       20.15  +  .63b 

18  months  42.10  +  .86a       40.27  +  .86a      35.26  +  .86b        33.61  +  .8bD 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  hean  +  S.E. 
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Table  177.     Effect  of  freezing  rate  on  Instron  modulus  values  for  ground  beef 
patties  with  soy  following  various  storage  periods  —  data 
adjusted  for  differences  prior  to  freezing 

 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

12  38.07  +     .97ab     36.36  +     .97ab    33.62  +  1.12b    41.12  +  .97a 

18  44.57  +     .86a      39.34  +     .86b      32.08  +     .86c    35.25  +  .86c 

24  41.76  +  1.32a      40.69  +  1.32a      32.51  +  1.87b 


abc  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 


110 3Q,   p.  17 
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Table  178.    Effect  of  final  storage  temperature  on  Instron 
modulus  values  for  grouna  beef  patties  with  soy 
following  six  months  storage 


Final 

Storage  Temperature,  "F 

-lUT 

OT  20T 

20N 

32 

23  +  .69b 

32.21 

+  .69b         35.4b  +  .69a 

35.92  +  .69a 

ab 

Means  on 

the  same 

line  with  different  letters 

are 

different  (P<.05);  Mean  +_  S.E.;  T  =  Temperature  abused; 
N  -  Not  temperature  abused. 


Table  179.    Effect  of  temperature  abuse  on 
Instron  modulus  values  for  ground  beef  patties 
with  soy  following  nine  months  storage 


Tefriperature 

Abuse 

T 

N 

40.60  +  1 .00a 

33.0  +   1 .00b 

ao    Difference  between  means  significant 

(P<.Ob);  Mean  +_  S.£.     Includes  only  0°F  in 
96  hr  product;  T  =  Temperature  abused; 
N  =  Tvot  temperature  abused. 
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Table  181.    Effect  of  final  storage 
temperature  on  Instron  modulus  values  for 
ground  beef  patties  with  soy  following 
twelve  months  storage 


Final 

Storage  Temperature,  °F 

-10 

0 

36.65  + 

44b                 38.24  +  .48a 

ab    Difference  between  means 
significant  (P<.05); 
Mean  +  S.E. 
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For  just  the  0°F  in  96  hour  rate  following  twelve  months,  there  was  some 
evidence  that  changing  temperatures  from  the  initial  to  final  storage 
phases  produced  decreases  in  modulus  values  (Table  182).    Again  at  this 
rate  and  for  just  the  0°F  in  96  hour  rate,  temperature  abuse  produced  a 
decrease  in  modulus  values  if  the  initial  storage  temperature  was  -10°F, 
while  an  increase  was  produced  for  patties  initially  stored  at  0°F  (Table 
183). 

In  comparison  with  immediately  following  freezing,  storage  time 
advancements  always  produced  increased  modulus  values  (Table  184),  however, 
values  decreased  between  twelve  and  eighteen  months  of  storage.    Many  of 
the  i niti al -f i nal  temperature  combinations,  especially  including  +20°F 
final  temperature  had  higher  modulus  values  than  those  noted  right  after 
freezing  (Table  185).    Modulus  values  increased  between  six  and  nine  months 
for  product  frozen  to  0°F  in  72  and  96  hours,  but  not  for  the  other  two 
rates  (Table  186).    Adjusting  these  data  for  pre-freezing  differences  did 
not  alter  these  differences  (Table  187).    After  nine  months  of  storage, 
only  temperature  abused,  -10°F  initial  stored  patties  yielded  higher 
modulus  values  to  those  noted  just  after  freezing  (Table  188).  In 
evaluating  the  i ni ti al -f i nal  temperature,  freezing  rate  interaction  at  nine 
months  vs  just  post-freezing,  just  one  treatment  at  nine  months  (-10°F 
initial,  0°F  final  temperature)  was  the  same  in  modulus  value  to  that  found 
right  after  freezing;  all  other  treatment  combinations  were  higher  (Table 
189).    Data  adjustments  (pre-freezing)  resulted  in  some  comparisons  between 
just  post-freezing  with  nine  months  to  be  similar,  but  most  were  illogical 
(Table  190).    Between  nine  and  twelve  months,  modulus  values  increased  only 
for  the  nonabused  and  not  the  temperature  abused  patties  (Table  191). 


Table  182.     Interaction  effect  of  initial  storage 
teinperature  and  final  storage  temperature  on  Instron 
modulus  values  for  ground  beef  patties  v/ith  soy 
following  twelve  months  storage^ 


Final  storage  temperature, 

Initial  storage 
temperature,  °F 

-10  0 

-10 

39.74  +  1  .10             37.55  +  1  . 

10 

0 

38. 1 1  +  1.10             41  .R?  +  1 . 

10 

^Interaction  significant  (P<.05)  by  analysis  of 
variance,  but  not  by  MS!),    ''ean  +  S.I:.  Includes 
only  0°F  in  96  hr  freezing  rate. 

Table  183.     Interaction  effect  nf  temperature 
abuse  and  initial  storage  temperature  on 
Instron  modulus  values  for  ground  beef  patties 
witli  soy  following  twelve  months  storage^ 


Initial  storage 

temperature , 

Temperature 
abuse 

-in 

0 

T 

37.64  +  1.10 

41  .32  +  1 . 

10 

N 

40.21  +  1.10 

38. OS  +  1 . 

10 

^ Interacti  on 

significant  (P<.05) 

by  analysis 

of  variance,  but  not  by  HSO.    .'•'ean  +_  S.E. 
T  -  Temperature  abused;  N  =  Not  temperature 
abused.     Includes  just  0°F  in  96  nr  rate. 
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Table  184.    Effect  of  various  storage  time  coinpar i sons  on  Instron 
modulus  values  for  ground  beef  patties  vntn  so> 


Evaluation  time 


Immediately  before  freezing,  1  day 

21  .79  +  .55b 

Immediately  following 
freezing,  1  day 

27.76  +  .y8b 

Imaieaiately  following 

freezing,  1  day 

27.78  +  .5&b 

Immediately  following 

freezing,  1  day 

28.04  +  2. 1  Id 

Inimediately  following 

freezing,  1  day 


27.78  +  .79b 

Immed  i  ate  1 y  f ol 1 owi  ng 

freezing,  1  day 

27.78  +  .87b 

12  months 

39.13  +  1 .21a 

Immediately  following 

freezing,  1  day 

27.69  +  1 .45b 


Iinmed  i  atel  y  after  freezing,  1  day 


27.78  +  .44a 


6  iTionths 


33.9b  +  .98a 


9  months 


37.  18  +  .56a 

9  montlis^ 

36.80  +  2.11a 

12  months 
37.36  +  .79a 

18  months 

37.81  +^  .87d 
18  months'^ 

33.61  1.21b 

24  months 
39. 12  +  1 .45a 


ab    Difference  between  means  on  the  same  line  significant  (P<.05); 
l-lean  +  S.E. 


^Includes  just  0°F  in  96  hr  freezing  rate 
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Table  186.     Interaction  effect  of  storage  time  (six,  nine  months)  ana  freezing 
rate  on  Instron  modulus  values  for  ground  Deef  patties  with  soy 


Freezing  rate,  hours  to  u°F 


Evaluation  time  24  48  72  %  

D  33.32  ^  .79bcG      33.53  +_  .79bc6      31.95  +^  .7yca      29.98  +_  .79d 

9  35.30  +  .79bc       35.95  +  .79b         36.89  +  .79ab      4U.6U  +  .7ya 


abed    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  +_  S.E. 


224 


Table   187.     Interaction  effect  of  storage  time  (six,  nine  months)  and  rate  of 
freezing  on  Instron  modulus  values  for  ground  beef  patties  with 
soy  —  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  lU  48  72   96 


6  35.79  +  .79bc     32.69  +  .79cd       28.78  +  .79e      31.62  +  .79de 

9  37.77  +  .79b      35.02  +  .79bcd     33.71  +  .79cd    42.24  +  .79a 


abcde  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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Table  191.  Interaction  effect  of  storage  time 
(nine,  twelve  months)  and  temperature  abuse  on 
Instron  modulus  values  for  ground  beef  patties 
with  soy 


 Temperature  abuse 

Evaluation 

time,  months  T  h 


9  40.60+1 .06a         33.00  +  1 .06b 

12  39.48  +  1  .06a         39. 13  +  1 .06a 


ab    Any  mean  comparison  with  the  same  letters  is 
not  different  (P>.05);  Mean  _+  S.E. 
T  =  Temperature  abused;  II  -  riot  temperature 
abused . 


/^Isn,  the  nnnahused  patties  produced  lower  Instron  modulus  values  at  nine 
n^onths  than  was  the  case  for  temperature  abused  patties  (Table  1^1). 

The  next  section  of  tables  depicts  results  frop  Instron  fail  energy 
tests.     Fail  energy  relates  to  the  work  on  energy  under  the  curve  at  of 
the  curve.     From  the  general  table  (Table  1^2)  much  of  the  differences 
found  for  this  neasurement  seen  to  be  associated  with  fornMilation  (higher 
for  n°F  in  7'^  hour  product)  and  storage  temperature  (higher  for  +?0°f 
product).     After  all  storage  intervals  and  before  freezing  as  well,  the  0°F 
in  77  hoiir  product  showed  higher  fail  energy  values  than  the  other  rates 
(Table  19"^).     At  six  months  of  storage,  the  use  of  +?0°F  final  storage 
temperature  produced  higher  fail  energy  values  (Table  19-1).    Adjusting  the 
freezing  rate  effects  for  pre-f  reezi  n(j  differences  resulted  in  only  one 
storage  time  (nine  months)  being  affected  by  rate.     Both  the  0°F  in  7^  and 
96  hour  product  had  higher  values  than  0°F  in  ?4  and  48  hour  rates  (Table 
195).     Also,  at  nine  months,  it  was  noted  that  temperature  abuse  increased 
fail  energy  values  (Table  196). 

With  the  exception  of  the  eighteen  vs  twenty-four  inonth  comparison, 
advances  in  storage  time  increased  fail  energy  values  (Table  197).     At  six 
months,  all  i  ni  t  i  a  1 -f  i  na  1  temperature  comparisons  v;ere  similar  to  that 
found  immediately  after  freezing  (Table  198).     Between  nine  and  twelve 
months,  there  were  really  no  changes  in  the  way  freezing  rate  affected  fail 
energy  values  -  higher  for  n°F  in  72  hour  frozen  product  (Table  1^9). 
Adjusting  these  data  for  pre-freezing  value  differences  resulted  in  no  rate 
effects  at  nine  months  and  similar  values  at  twelve  months  between  n°F  in 
7?  and  96  hours  (Table  200).     Regardless  of  freezing  rate,  there  were  no 
changes  in  fail  energy  values  between  nine  and  twelve  months.  Temperature 
abuse  produced  higher  values  than  nonabuse  at  nine  months,  but  no  abuse 
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Table  193.     Effect  of  freezing  rate  on  Instron  fail  energy  values  for  ground 
beef  patties  with  soy  following  various  periods  of  storage 


 Freezing  rate,  hours  to  0°F 

Evaluation 


time  24  48  72  96 


Just  before 
freezing 

4.44 

+ 

.16b 

4.50 

+ 

.16b 

5.76 

+ 

.16a 

4.29 

+ 

.16b 

Just  after 
freezing,  1  day 

4.88 

+ 

.24b 

5.46 

+ 

.24ab 

6.72 

+ 

.24a 

4.93 

+ 

.24b 

6  months 

5.38 

+ 

.17b 

5.26 

+ 

.17b 

7.41 

+ 

.17a 

5.24 

+ 

.17b 

9  months 

5.18 

+ 

.19b 

5.12 

+ 

.19b 

7.58 

+ 

.19a 

5.88 

+ 

.19b 

12  months 

5.49 

+ 

.14b 

5.70 

+ 

.14b 

6.91 

+ 

.16a 

5.46 

+ 

.14b 

18  months 

5.69 

+ 

.14b 

5.50 

+ 

.14b 

7.59 

+ 

.14a 

5.42 

+ 

.14b 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E. 


1060Q,  p.  34 
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Table  194.     Effect  of  final  storage  temperature  on  Instron  fail  energy  values 
for  ground  beef  patties  with  soy  following  six  months  storage 


Final  storage 

temperature,  °F 

-lOT 

OT 

20T 

20N 

5.42  +  .lib 

5.62  +  .lib 

6.07  +  .11a 

6.18  +  .11a 

ab  Means  on  the  same  line  with  different  letters  are  different  (P<.05). 
Mean  +  S.E.     T  =  temperature  abused,  N  =  not  temperature  abused. 


1060Q,  p.  33 
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Table  195.     Effect  of  freezing  rate  on  Instron  fail  energy  values  for 

ground  beef  patties  with  soy  following  nine  months  storage  — 
data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

24  48  72  96 


5.49  +  .19b        5.37  +  .19b        6.57  +  .19a       6.33  +  .19a 


ab  Means  on  the  same  line  with  different  letters  are  different 
(P<.05).     Mean  +  S.E. 


1103Q,   p.  19 


I 
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Table  196.     Effect  of  temperature  abuse  on  Instron  fail  energy  values  in 
ground  beef  patties  with  soy  following  nine  months  storage 


Temperature  abuse 


T  N 


5.88  +  .20a  5.01  +  .20b 


ab  Difference  between  means  was  significant  (P<.05).     Mean  +  S.E.  Includes 
just  0°F  in  96  hr.     Freezing  rate  T  =  temperature  abused,  N  =  not 
temperature  abused. 
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Table   197.     Effect  of  various  storage  time  comparisons  on  Instron  fail  energy 
values  for  ground  beef  patties  with  soy 


Evaluation  time 


Immediately  before  freezing 

4.75  +  .lib 
6  months 

5.52  +  .09b 
Immediately  following  freezing,  1  day 

5.50  +  .20b 
Immediately  following  freezing,  1  day 

4.93  +  .25b 
Immediately  following  freezing,  1  day 

5.50  +  .17b 
Immediately  following  freezing,  1  day 

5.50  +  .16b 
18  months 

6.26  +  .10a 


Immediately  after  freezing,  1  day 
5.50  +  .09a 

9  months 
5.94  +  .09a 

9  months 
5.94  +  .20a 
12  months^ 
5.54  +  .25a 
12  months'^ 
5.88  +  .17a 

18  months 
6.05  +  .16a 

24  months 
5.56  +  .12b 


ab  Differences  between  means  on  the  same  line  significant  (P<.05) 
Mean  +  S . E. 


^  Includes  only  0°F  in  96  hr  freezing  rate. 


^  Includes  just  temperature-abused  product. 
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Table  199.  Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  Instron  fail  energy  values  for  ground  beef  patties 
with  soy 


 Freezing  rate,  hours  to  0°  F  

Evaluation 

time,  months  24   48  72  96 


9  5.18  +  .18b        5.12  +  .18b        7.58  +  .18a        5.88  +  .18b 

12  5.49  +  .18b        5.70  +  .18b        6.85  +  .22a        5.46  +  .18b 


ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 
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Table  200.  Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  Instron  fail  energy  values  for  ground  beef  patties 
with  soy  —  data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96  

9  5.49  +  .18bc      5.37  +  .18c        6.57  +  .18a        6.33  +  .18ab 

12  5.79  +  .18abc     5.95  +  .18abc     5.84  +  .22abc     5.92  +  .18abc 


abc  Any  means  comparison  with  different  letters  is  different 
(P<.05).     Mean  +  S . E. 


1103Q,   p.  20 
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differences  were  not.p<\  at  twelve  months  (Table  201).     Followinij  eighteen 
rT'onths  of  storage,  patties  storerj  initially  at  ''"F  and  finally  at  -ir)°F  had 
higher  fail  energy  values  than  those  observed  after  freezing  (Table  2^12). 

The  next  general  section  of  the  report  covers  weight  losses  incurred 
at  various  stages  from  freezing  through  cooking.     Compared  to  roasts  and 
bulk  ground  beef,  weight  changes  were  not  affected  as  much  ^^y  project 
variables.     This  can  De  easily  observed  in  the  "total  project"   loss  or  loss 
from  before  freezing  until  ?fter  cooking  illustrated  in  Table  "^03.  The 
only  tif^^e  freezing  rate  affected  the  weight  loss  from  before  freezing  until 
after  cooking  was  following  twenty-four  n'onths  of  storage;  and  then  there 
were  only  indications  (nonsignificant,  P>.05,  by  HSO)  of  lower  losses  for 
the  (i°F  in  2^  hour  rate  (Table  20^). 

Storage  for  six,  nine  anri  eighteen  months  yielded  more  weight  loss 
from  before  freezing  until  after  cooking  compared  to  just  after  freezing. 
However,  nine  montns  storage  produced  more  total  project  loss  than  twelve 
months  storage  (Table  205).     After  six  '"onths  storage,  patties  initially 
stored  at  il°F  and  then  at  +20°F  had  more  total  weight  los^  than  that 
recorded  just  after  freezing  (Table  20*1).     Following  nine  months  of 
storage,  patties  stored  initially  and  finally  at  n°F  had  more  total  project 
loss  than  just  after  freezing.     After  eighteen  montlis  of  storage,  pattips 
stored  initially  at  -10°F  and  finally  at  0°F  had  more  total  project  loss 
than  that  noted  post-freezing  (Table  2H7). 

General   inforriation  relating  to  the  percent  weight  loss  of  ground  bppf 
fjatties  from  before  freezing  until  after  storage  is  provided  in  Table  208. 
In  some  cases,  longer  storage  meant  more  weight  loss.     Following  six  ii'onths 
of  storage,  patties  originally  frozen  to  0°F  in  2a  hours  had  less  weight 
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Table  201.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 

temperature  abuse  on  Instron  fail  energy  values  for  ground  beef 
patties  with  soy 


 Temperature  abuse 

Evaluation 

time,  months  T  N 


9  5.88  +• 15a  5.01  +  .15b 

12  5.46  +  .15ab  5.61  +  .15ab 


ab  Any  mean  comparison  with  the  same  letter  is  not  different  (P>.05J. 

Mean  +  S.E.  T  =  temperature  abused,  N  =  not  temperature  abused.  Includes 
just  0'°F  in  96  hr  rate. 
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Table  ?^'^^.     Effect  of  freezino  rate  on  percent 
cf'antje  in  \-/oi\jiit  of  grcMJod  iieef  ^)attios  v/itl^ 
so,y  from  before  freezing  until  after  cookinq, 
for  patties  stored  t\-'enty-f our  mon^hs"^ 


Freezing  rate,  hfvirs  to  ^^°F 

7'' 


^Differences  sianificant  (P<.r'5)  by  analyses 
of  variance,  *Mit  not  ^'■■y  ''^VK 


Table  205.    Effects  of  various  storage  time 
comparisons  on  percent  change  in  weight  of 
ground  beef  patties  with  soy  from  just 
before  freezing  until  after  cooking 


Evaluation  times 


Immediately  following 

freezing,  1  day  6  months 

-32.36  +  .4ab  -34.19  +  .48a 


Immediately  following 

freezing,  1  day  9  months 

-32.36  +  .54b  -34.05  +  .54a 


Immediately  following 

freezing,  1  day  18  months 

-32.36  +  .36b  -33.43  +  .36a 

9  months  12  months 

-34.05  +  .43a  -32.88  +  .43b 


ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05); 
Mean  +  S.E. 
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loss  than  those  frozen  to  0°F  in  7?  hours  (Tahle  ?n'^).     At  twelve  i^^onths 
storage,  patties  initially  stored  at  -in°F  had  less  weight  loss  than  those 
stored  at  n°F  (Tahle  ?10).     There  were  indications  that,  that  forr'  of 
weight  loss  increased  between  eighteen  and  twenty-four  I'lonths  of  storage  if 
the  freezing  rate  was  r)°F  in        hours,  while  the  opposite  was  the  situation 
if  the  freezing  rate  was  n°F  in  1?_  hours  fTahlc  211).     At  eighteen  ponths 
of  storage,  patties  finally  storeri  at  -10°F  fiad  lower  weight  losses  fron 
bi?fore  freezing  until  after  storage  tiian  patties  finally  stored  at  0°F;  no 
'differences  were  found  due  to  these  two  temperatures  at  tv^enty-four  i-'onths 
of  storage  (Table  ?12). 

Data  relating  to  weight  reduction  just  due  to  freezing  are  shown  in 
Table  ?13.     Values  were  unaffected  (P>.n5)  by  freezing  rate. 

Losses  occurring  just  during  frozen  storage  are  provided  in  general 
fnrnat  in  Table  ?\^.     Values  vary  hut  do  increase  with  advancenents  in 
storage  time.     At  six  months  of  storage,  patties  originally  frozen  to  0°F 
in  7^  hours  had  lower  storage  losses  than  patties  originally  frozen  to  0°F 
in  72  hours  (Table  21'^).     ^:o  temperature  abuse  substantially  increased 
storage  loss  at  nine  months  for  patties  initially  stored  at  'V^F;  t!)pse 
differences  were  not  detected  for  patties  initially  store'i  at  -in°F  (Tat)le 
:'';).     At  twelve  inonths,  (tatties  stored  at  -l'^°F  initial  teri[)eratu re  iiad 
less  change  in  weight  during  storage  than  patties  stored  at  0°F  (Tahle 
^17).     Patties  originally  frozen  to  f>°F  in  ?A  hours  tiad  less  wpight  loss 
■luring  storage  than  0°F  in  72  hour  product  after  eighteen  months,  while  no 
di  f f ercrces  v.ere  'Iptected  between  these  rates  a*""ter  twenry-four  months  of 
storagp  (Table  2L').     Also,  at  eighteen  months,  but  not  at  twenty-four 
months,  norp  v;eight  was  lost  during  frozen  storage  wlien  patties  were 
finally  stored  at  -M^F  vs  0°F  (Table  21^'). 
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Table  209.    Effect  of  freezing  rate  on  percent  change  in  weight  of 
ground  beef  patties  with  soy  from  just  before 
freezing  until  after  six  months  storage 


Freezing  rate. 

hours  to 

0°F 

24 

48 

72 

96 

-.93  +  .098b 

-1  .24  +  .098ab 

-1.34  + 

.098a 

-1 .24  +  .098ab 

ab    Any  mean 

on  the  same  1 ine  with 

the  same 

letter 

is  not  different 

(P>.05); 

Mean  +  S.E. 

Table  210.    Effect  of  initial 
storage  temperature  on  percent 
change  in  ground  beef  patties 
with  soy  from  just  before 
freezing  until  after  twelve 
months  storage^ 


Initial  Storage  Temperature, 
-10  0 


1 .43  +  .12         -1  .82  +  .12 


^Difference  between  means 
significant  (P<.05)  by  analysis 
of  variance,  but  not  HSD. 
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Table  211.     Interaction  effect  of  storat^e  time  ( e  ii'iliteen , 
tu'ent  V- four  -lonChs)   and   rate  of   frecyAn?  nn 
percent   chans^e   in  weis^ht  ot  ground  beef 
patties  '-'ith  sov   froni  before   freezinn  until 
after  storaee''^ 


Free 7, inf.  rate,   hours   to  0°F 

Fva  1  ua  r.  i  on 

t  ifne  ,   months  2^  ^3  72 

18  -1.47  _+   .21  -1.51       .21         -2.44  +_  .21 

24  -2.1  1  +   .21  -1.7-.  +   .2  1         -1.72  +  .30 


^Interaction   s  i  p,n  i   i  c  a  n  t   (P<.05)   by  analyses  of 
varianc-^,   btic   rot  'Mean   +      .  F] . 


Table  212.     Interaction  effect  of  storage  time 
(eighteen,  twenty-four  months)  and  final  storage 
temperature  on  percent  change  in  weight  of  ground 
beef  patties  with  soy  from  just  before  freezing 
until  after  storage 


Final 

storage 

temperature,  °F 

Eval uation 
time,  months 

-10 

0 

18 

-1  .35 

+  .17b 

-2.27  +  .17a 

24 

-1.83 

+  .2ab 

-1.91  +  .  17ab 

ab    Any  mean  comparison  with  the  same  letters  is  not 
different  (P>.05);  Mean  +  S.E. 
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Table  215.    Effect  of  freezing  rate  on  percent  change  in 
weight  of  ground  beef  patties  with  soy  from  just  after 
freezing  until  six  months  of  storage 


Freezing  rate,  hours  to  0 

24 

48  72 

96 

-.24  +  .08b 

-.52  +  .08ab         -.55  + 

.08a 

-.45  +  .08ab 

ab    Means  on 
d  ifferent 

the  same  line  with  the  same 
(P>.05);  Mean  +  S.E. 

letter 

are  not 

Table  216.     Interaction  effect  of  temperature 
abuse  and  initial  storage  temperature  on  percent 
change  in  weight  of  ground  beef  patties  with  soy 
during  nine  months  frozen  storage 


Initial  storage  temperature,  °F 

Temperature 

abuse  -10  0 


T  -.42  +  .12b        -  .19  +  .12b 

N  -.33  +  .12b       -1.08  +  .12a 


ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean  +  S.E; 
T  =  Temperature  abused;  N  =  Not  temperature 
abused . 


Table  217.    Effect  of  initial 
storage  temperature  on  percent 
change  in  weight  of  ground  beef 
patties  with  soy  during  twelve 
months  frozen  storage 


Initial  storage 

temperature,  °F 

-10 

0 

-.61  +  .10b 

-1.01  +  . 10a 

ab  Difference 

between  means 

s  ign  i  f i  cant 

(P<.05); 

Mean  +  S.E. 

I. 
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Table  2ia     Interaction  effect  of  storage  time  (eighteen,  twenty- 
four  months)  and  freezing  rate  on  percent  change  in  weight  of 
ground  beef  patties  with  soy  during  frozen  storage 


Freezing  rate,  hours 

to 

0°F 

Eval uation 
time,  months 

24 

48 

72 

18 

.78 

+  .21b 

.86  +  .21ab  1 

.89 

+  .21a 

24 

1 .44 

+  .21 ab 

1.03  +_  .21ab  1 

.11 

+  .29ab 

ab    Any  mean  comparisons  with  the  same  letter  are  not  different 
(P>.05);  Mean  +  S.E.;  Includes  only  non-temperature  abused 
product . 


Table  219.    Interaction  effect  of  storage  time 
(eighteen,  twenty-four  months)  and  final  storage 
temperature  on  percent  change  in  weight  of  ground 
beef  patties  with  soy  during  frozen  storage 


Final  storage  temperature,  0°F 

Eval  uation 

time,  months  -10  0  


18  -  .74  +  .17b       -1  .53  +  .17a 

24  -1.16  +  .19ab      -1.23  +  .19ab 


ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean+_S.E.;  Includes 
only  non-temperature  abused  product. 
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The  next  section  of  the  report  deals  vn"tli  cooking  pro|)erties.  Just 
the  process  of  freezin^j  f.^roduced  reductions  in  cookinq  loss  (Tahle  220). 
This  is  ill  agreement  with  the  increased  weigfit  loss  for  i^atties  prior  to 
cooking  as  a  result  of  freezing.  After  nine  nnnths  of  storage,  temperature 
abuse  generated  less  cooking  loss  than  no  abuse  (Table  221).  Patties 
frozen  to  0°F  in  24  hours  and  evaluated  at  twenty-four  o'ontns  of  storage 
had  less  cooking  loss  than  (.atties  originally  frozen  to  ('°F  in  48  and  72 
hours  (Tab]e  22?). 

Freezing  produced  an  approximately  '■V/.  reductiori  in  cooking  loss  (Table 
223).  Six  and  nine  months  of  storage  had  inore  cofoking  loss  than  t^at  found 
right  after  freezing.  Also,  twelve  months  of  storage  had  less  cooking  loss 
than  nine  n'onths  of  storage.  There  were  indications  that  temperature  abuse 
increased  cooking  loss  at  nine  months  but  not  twelve  months  of  storage 
(Table  224). 

Changes  in  patty  thickness  as  a  result  of  cooking  were  highly  variable 
respective  to  the  variables  under  study  (Table  225).  Considerable 
increases  in  thickness  occurrec'  for  the  patties  that  were  never  frozen. 
This  occurred  again  folln\/ing  twelve  n^ontlTS  of  storage  for  patties  fron'  the 
n°F  in  24  and  48  hour  freezing  rates.     Differences  were  noted  at  r^any  of 
the  storage  periods  for  freezing  rate,  but  foil  owe'"*  no  particular  trend 
(Table  226).    After  nine  months  of  storage,  patties  tliat  had  been  stored 
under  a  final  temperature  of  -lf^°F  underwent  less  reduction  in  thickness 
during  cookirg  than  patties  stored  at  ('°F  (Table  227  ).     Temperature  abuse 
produced  much  more  reduction  in  thickness  titan  nonabuse.     After  twolve 
i:ionths  of  storage  (Table  228).     For  some  linexpl  a  i  nabl  e  reason,  patties  fron; 
the  i"^F  in  24  anri  43  hour  rates  underwent  a  sizable  increase  in  tliickness. 
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Table  221.    Effect  of  temperature 
abuse  on  percent  cooking  loss  in 
ground  beef  patties  with  soy 
following  nine  months  storage 


T 

N 

34.81  +  .42a 

33.0  +  .42b 

ab    Difference  between  means 
significant  (P<.05); 
Mean     S.E.;  T  =  Temperature 
abused;  N  =  Not  temperature 
abused;  Includes  only  0°F  in 
95  hr  frozen  product. 


Tahle  [:ftoct  of  frf^ezing  rat"  on  porcent 

cookiruj  l(>ss  in  (jmunH  iM?pf  ;:attii."S 
'■ith  soy  following  t'-.'Pnty- four 
nnnths  st.orag'P 


Freozinr;  rate. 

hotirs  to 

ri°F 

31  .  ^''^  +   .  ?Sh           .1?.  3M  + 

.?5a 

"^■'eans  on  thp  sane  lino  with  '"'ifferont 
letters  apf^  -lifferprit  (P<.')S);  ''ean  +  S.E. 


Table  223.    Effects  of  various  storage  time 
comparisons  on  percent  cooking  loss  in 
ground  beef  patties  with  soy 


Evaluation  times 


Before  freezing 


Immediately  following 
freezing,  1  day 


41.57  +  .41a 


32.82  +  .32b 


Immediately  following 

freezing,  1  day  6  months 


32.82  +  .48b 


34.06  +  .48a 


Immediately  following 
freezing,  1  day 


9  months 


32.82  +  .49b 


33.91  +  .49a 


9  months 


12  months 


33.91  +  .35a 


32.88  +  .35b 


ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05); 
Mean  +  S.E. 


Table  224.     Interaction  effect  of  storage 
time  (nine,  twelve  months)  and  tenperature 
abuse  on  percent  cooking  loss  in  ground 
beef  patties  with  soy^ 


Temperature  abuse 

Ev  al uat  i  on 
time,  months 

T 

N 

9 

34 

81 

+  .51 

33.0  + 

.51 

12 

33 

06 

+  .51 

33.68  + 

.51 

^Interaction  effect  significant  (P<.05)  by 
analysis  of  variance,  but  not  by  HSD. 
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Table  227.      h'.ffect  of   final  stornpie 
tpTperature  on   nercent   chan-:ie   in  pi-tty 
thickness  durint^  cooking   for  grounr'  beef 
pat:. tries  witrh   .-ov   follovin-^   nine  .nont^l'S 
storage 


Final   storage  temperature 

F 

-10 

0 

-6.08  +  1.17b  -11.03 

+ 

1.35a 

ab     ."ifferencfc-  L'etv/een  means  is 

significant   (P<.05);  Mean  + 

S  . 

E  . 

269 


Table  228,  Effect  of  temperature  abuse  on  percent  change  in  patty  thickness 
during  cooking  for  ground  beef  patties  with  soy  following  twelve 
month  storage 


Temperature  abuse 


-6.24  +  1.08a  .20  +  1.08b 


ab  Difference  between  means  significant  (P<.05).     Mean  +  S.E.     Includes  only 
0°F  in  96  hr  product.     T  =  temperature  abused,  N  =  not  temperature  abused. 


1060Q,  p.  9 


270 

while  the  other  two  rates  |)rorliJcefl  a  decreasf^  in  (;atty  thickness  duriny 
cookiny  (Table  ??9 ,  ?3n). 

Vlith  the  exception  of  twelve  months,  storayf^  tii"e  comparisons 
yenerally  showed  in  relation  to  just  post-f reezi ny ,  a  greater  reduction  in 
patty  thickness  (Tahle  '^^^l).     However,  followiny  six  nonths  storaye,  only 
t)atties  initially  stored  at  0°F  and  finally  at  +i'o°F  iiad  i^'ore  re-^uction 
during  cooking  than  that  note^^  just  post-freezing  (Table  232).     'between  six 
and  nine  months,  less  reduction  in  thickness  during  cooking  was  found  for 
thp  fl°F  in  ?A  hour  rate,  while  the  opposite  was  true  for  the  0°F  in  48  hour 
rate  (Tal)le  233).     Substantial  increases  in  patty  thickness  fror-^  cooking 
occurred  between  nine  and  twelve  months  for  the  0°F  in  24  and  48  hour  rate 
(Tahle  234).     Between  ninp  and  twelvp  riont'^is,  tenperature  abused  product 
underwent  more  shrink  during  cookiny.     Tei"perature  abused  patties  also  had 
p-'Orp  shrink  than  nonabused  patties  at  t^velve  p'onths  (Table  235).     The  large 
swelling  in  thickness  of  0°F  in  24  and  '^S  hour  frozen  patties  was  noted 
strictly  at  twelve  months  (Table  236).     Patties  receiving  no  ter[)erature 
abuse  and  finally  stored  at  -in°F  underwent  slight  swelling  with  cooking 
after  twelve  nonths  (Table  237  ).     i-'etween  pi^jhteen  and  twenty -four  nnnths 
of  storage,  more  reduction  in  thickness  was  found  for  patties  subjected  to 
0°F  in  24  hour  freezing  while  the  op[)OsitP  was  observed  for  0°F  in  72  nour 
freezing  (Table  238).    At  twenty-four  nonths  of  storage,  all  rates  excefit 
r!°F  in  48  hours  had  more  sfirink  in  tnickn^ss  during  cooking  conparod  to 
values  recorded  just  after  freezing  (Ta^^le  23'^). 

(leneral  data  reflecting  pprcent  change  in  patty  dian^pter  during 
cooking  is  illustrated  in  Table  240.     There  did  not  appear  to  be  any  major 
effects  of  study  variables  on  patty  diameter  projierties.     At  six  n'onths  of 
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Table  234.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate 
of  freezing  on  percent  change  in  patty  thickness  during  cooking 
for  ground  beef  patties  with  soy 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 

9  1.66  +  .81b        -5.54  +  .81a        -6.05  +     .81a        -.71  +  .81b 

12  27.30  +  .81d        21.79  +  .81c        -5.22  +  1.14a      -6.24  +  .81a 


abed  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1060Q,   p.  21 
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Table  235.     Interaction  effect  of  storage  time  (nine,  twelve 
months)  and  temperature  abuse  on  percent  change 
in  patty  thickness  during  cooking  for  ground 
beef  patties  with  soy 


Temperature 

Abuse 

Eval uati  on 
time,  months 

T 

N 

9 

-  .71 

+  .82b 

-2.45 

+ 

l.OOab 

12 

-6.24 

+  .82a 

.20 

+ 

.82b 

ab    Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05).    Mean  +_  S.E.    T  =  temperature  abused,  N  =  not 
temperature  abused. 
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Table  238.     Interaction  of  storage  time  (eighteen,  twenty-four  months)  and 

freezing  rate  on  percent  change  In  patty  thickness  during  cooking 
for  ground  beef  patties  with  soy 


 Freezing  rate,  hours  to  0°F 

Evaluation 

time,  months  24  48  72 


18  1.26  +  .58c  -4.79  +  .58b  -6.79  +  .58ab 

24  -9.33  +  .58a  -6.37  +  .58b  -1.53  +  .83c 


abc  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


1060Q,  p.  15 
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'able  240.    General  table  illustrating  the  percent  change  in  patty  diameter  uuring 

cooking  for  ground  beef  patties  with  soy  t^irouqhout  storage  and  accordirig 
to  final  storage  temperature  and  rate  of  freezing  -  no  statistical  analyses'^ 


 Freezing  rate,  hours  to  (J°K  

•[valuation  Final  storage 

'  time   temperature,  °F  24  48   12  96 




r 

lefore  freezing 

-16. 

63 

+ 

2 . 

2 1 

-16. 

55 

+ 

1 

1  . 

38 

-14. 

43 

+ 

3 . 

24 

-14. 

35 

+ 

4  . 

27 

iimediately  fol  lowing 

;reezing,  1  day 

-15. 

63 

+ 

2. 

10 

-16. 

36 

+ 

2. 

79 

-16. 

97 

+ 

3. 

03 

-18. 

21 

+ 

2. 

20 

6  montlis 

-10 

-16 

41 

+ 

2 

20 

-16 

61 

+ 

2 

26 

-17 

98 

+ 

1 

72 

-lb 

72 

+ 

2 

6t) 

0 

-16 

38 

T 

2 

41 

-16. 

45 

T 

1  . 

73 

-17. 

87 

2 

08 

-16 

43 

T 

1 

57 

20T 

- 1  7 

.20 

+ 

1 

.66 

-16 

.86 

1 

.  76 

-18 

.Ob 

+ 

1 

.70 

-  lb 

.  14 

+ 

2 

00 

20  N 

-17 

14 

+ 

1 

.21 

-17 

94 

+ 

1 

50 

-19 

09 

+ 

1 

61 

- 1 7 

5b 

2 

09 

|9  months 

-lUT 

-15 

.50 

+ 

1 

.65 

-14 

.86 

+ 

2 

.20 

-18 

.22 

+ 

3 

.09 

-18 

.35 

T 

2 

.00 

-ION 

-15 

28 

2 

.07 

OT 

-15 

.46 

■f 

2 

.17 

-14 

.44 

+ 

1 

.68 

-19 

.95 

+ 

2 

.34 

-17 

.95 

T 

2 

.38 

ON 

-15 

b4 

+ 

1 

.bl 

2  months 

-lOT 

-16 

.60 

1 

.51 

-15 

.63 

+ 

2 

.36 

-16 

.61 

+ 

2 

.04 

-17 

.09 

+ 

2 

.08 

-ION 

-16 

75 

1 

.58 

OT 

-17 

.72 

+ 

2 

.06 

-15 

.96 

+ 

2 

.30 

-17 

.19 

+ 

1 

.51 

-17 

94 

T 

1 

.86 

ON 

-17 

j9 

T 

1 

.99 

5  months 

-ION 

-16 

.84 

+ 

2 

.87 

-15 

.27 

+ 

2 

.32 

-16 

.10 

+ 

2 

.82 

-15 

.02 

+ 

2 

.41 

ON 

-17 

83 

T 

1 

.79 

-15 

44 

2 

35 

-17 

35 

2 

58 

-15 

68 

2 

U 

11  months 

-ION 

-16 

.75 

+ 

2 

.11 

-15 

.52 

+ 

2 

.33 

-15 

.24 

+ 

2 

.53 

ON 

-16 

25 

T 

2 

.69 

-15 

53 

T 

2 

.19 

-18 

21 

2 

.00 

[''63"+  S.D.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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storage,  temperature  abused  patties  storerl  at  -10°  and  0°f  final 
temperature  had  less  reduction  in  patty  diameter  than  [)atties  not  receiving 
abuse  and  stored  at  +?.0°f  (Table  ?A\).     Following  nine  iiiontns  of  storage, 
patties  frozen  to  eitfier  n°F  in  ?4  or  48  hours  had  less  reduction  in  patty 
diameter  than  patties  frozen  to  0°F  in  7?  and  96  hours  (Table  24?).  At 
eighteen  months,  patties  frozen  to  ()°F  in  either  48  or  '^6  hours  had  less 
diameter  shrinkage  during  cooking  than  patties  frozen  to  0°F  in  24  hours. 
Nonabijsed  patties  underwent  less  niai;ieter  shrinkage  than  temperature  abused 
patties  following  nine  months  of  storage  (Table  243).     Also,  at  nine 
months,  for  patties  finally  stored  at  n°F,  those  initially  store''*  at  0°F 
had  more  diameter  reduction  in  cooking  than  patties  initially  stored  at 
-10°F  (Table  244). 

Only  one  freezing  rate  (0°F  in  96  hours)  underwent  any  difference  in 
percent  change  in  patty  diameter  sip'ply  as  a  matter  of  freezing;  more  after 
freezing  (Table  245).    At  six  n'onths  of  storage,  all  temperature 
combinations  produced  similar  reductions  in  patty  diameter  to  that  found 
right  after  freezing  (Table  246).     Between  six  and  nine  months  of  storage, 
the  amount  of  dian'eter  shrinkage  increased  only  for  0°F  in  72  hour  frozen 
product  (Table  247).     Between  nine  and  twelve  months  of  storage,  patty 
diameter  shrinkage  increased  for  0°F  in  24  and  48  hour  rates  and  decreased 
for  0°F  in  72  hour  rates  (Table  248).     Temperature  abuse  produced  an 
increase  in  diameter  shrinkage  during  cooking  at  nine  months,  but  not  at 
twelve  months  (Table  24^).     Very  few  differences  in  patty  diameter 
shrinkage  were  observed  after  twelve  months  of  storage  (Tabli^  250).  More 
patty  diamffter  reduction  v/as  noted  at  eighteen  r'onths  vs  twelve  months 
(Table  251). 
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Table  241.    Effect  of  final  storage  temperature  on  percent 
change  in  patty  diameter  during  cooking  for  ground  beef 
patties  with  soy  following  six  months  storage 


Final 

storage 

temperature,  °F 

-lOT 

OT 

20T 

20N 

-16.93  +  .25b 

-16.78 

+  .25b 

-17.56  +  .25ab 

-17.93  +  .25a 

ab    Means  on  the  same  line  with  different  letters  are  different 
(P<.05);  T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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Table  242.    Effect  of  freezing  rate  on  percent  change  in  patty  diameter 
during  cooking  for  ground  beef  patties  with  soy  following 
nine  and  eighteen  months  of  storage 


 Freezing  rate,  hours  to  0°F  

Evaluation  time 

(months)  24   48   72   96 


9  montns  -15. 48  j^. 56b      -14.65+  .56b    -19.08+  .56a  -18.15+.5ba 

18  months  -17.34  +  .45a      -15.36  +  .45b    -16.73  +  .45ab    -15.35  +  .45d 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  +  S.E. 


Table  243.    Effect  of  temperature  abuse  on 
percent  change  in  patty  diameter  during 
cooking  for  ground  beef  patties  with  soy 
following  nine  months  storage 


Temperature  Abuse 


■18.15  +  .57a  -15.46  +  .57b 


ab    Difference  between  means  significant 

(P<.05);  Mean  +  S.E.     Includes  only  U°F  in 
95  hr  freezing  rate;  T  =  Temperature 
abused;  N  =  Not  temperature  abused. 


Table  ^'^'i.     Interaction  effect  of  initial  storaqe 

temperature  anH  final  storaqe  temperature 
on  percent  change  in  patty  diampter  (turinq 
cnokintj  for  groimr)  hepf  patties  with  soy 
follov.'ing  nine  month's  storaije 


Final  storage  temperature,  °F 

Initial  stnragp 

tem[)eraturp ,  °f  -l_n  n  


-in  -17.3''.  +  .?Hah         -16.f,l  +  .?ph 

n  -17.3?  +  -IK.ni  +  .yp.^ 


ah    Any  mean  comparison  with  the  sane  Iptters  is  not 
;1ifferent  (P>.n5) ;  'lean  +  S.F. 
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Table  245.     Interaction  effect  of  storage  time  (just  before  and  after  freezing) 
and  rate  of  freezing  on  percent  change  in  patty  diameter 
during  cooking  for  ground  beef  patties  with  soy 


 Freezing  rate,  nours  to  0°F  

Evaluation  time  24  48  72  96 

Iinmed  i  ate  1  y  before 

freezing  -16.83  +  .b2ab    -16.55  +  .82ab    -14.43  +  .&2b    -14.3d  +  .82b 

Immediately  after 

freezing,  1  day  -15.63  +  .82ab    -16.36  +  .58ab    -16. y7  +  .58aD  -18.21  +  .58d 


ab    Any  mean  comparison  vnth  the  saiiie  letters  is  not  different  (P>.U5);  Mean  +  S.E. 
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Table  248.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and  rate  of 
freezing  on  percent  change  in  patty  diameter  during  cooking  for 
ground  beef  patties  with  soy 

 Freezing  rate,  hours  to  Q°F  

Evaluation  time  7A  48  72  96  

9  -15.48  +  .43ef      -l4.65j^.43f        -19.U8+.43d  -l8.1b+.43ab 

12  -17.1b  +  .43cd      -15.80  +  .43e       -16. 3U  +  .53de    -17.51  +  .43bc 


abcdef    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  +  S.E. 


Table  249.     Interaction  effect  of  temperature 
abuse  and  storage  time  (nine,  twelve  months) 
on  percent  change  in  patty  diajneter  during 
cooking  for  ground  beef  patties  with  soy 


Temperature 

abuse 

Ev  al uat  i  on 
time,  months 

T 

N 

9 

18.15  +  .46a 

15.46  + 

.46b 

12 

17.51  +  .46ab 

17.07  + 

.46ab 

ab    Any  mean 

comparison  with  the  same 

1 et  ters 

is 

not  different  (P>.05);  Mean  +^  S.E. 

T  =  Temperature  abused;  N  -  Not  temperature 

abused . 


293 


CO  CO 
00  cn 


c 

o 

-H 

o 

M 

OJ 

ao 

(U 

d 

U 

•H 

m 

00 

•H 

^ 

0) 

o 

J-) 

(U 

rH 

S 

o 

CO 

4-1 

•H 

>. 

>^ 

4-1 

4J 

to 

CO 

•H 

ex 

(U 

a 

s 

•H 

a 

•H 

a; 

oo 

c 

CO 

s 

j::  >^ 

•H 

o  o 

•U 

CO 

4-1 

O) 

c  ^ 

&0 

0)  4-1 

CO 

U  -H 

n  S 

o 

a; 

a,  cn 

w 

a> 

C  -H 

4-1 

o  -U 

O 

4-1 

CO 

cn  CL, 

CJ 

0) 

J-l  U-t 

U-l 

c  <v 

"4-1 

O  OJ 

CiJ 

s  ^ 

o 
un 


CO 


0) 

u 

3 

4J 

CO 
M 

0)  0) 
CX  CO 

a  d 

0)  XI 
E-i  (0 


CO 


XI 
CO 


+  ] 

(X) 


+  1 


00 

c 

o 

IT 

o 

CO 

XI 

T3 

CO 
r-- 

.H 

CO 

OJ 

+  1 

4-1 

00 

CO 

d 

•H 

•H 

-T3 

OJ 

0) 

0) 

a 

OJ 

CO 

a 

u 

.-1 

M 

«+-! 

X3 

oo 


+  1 


II 

<-{ 

o 

II 

X 

X 

o 

CO 

CO 

OJ 

U 

oo 

0) 

4-1 

CO 

3 

o 

+  1 

+ 

4-1 

0) 

CO 

<D 

a. 

U 

O 

LO 

a 

(L) 

QJ 

o 

CX, 

+J 

1 

em 

rH 

OJ 

4-1 

00 

CO 

X 

X 

u 

oo 

CO 

CO 

to 

ra 

on 

00 

CO 

to 

CO 

o 

+  1 

+ 

CO 

rH 

•H 

1 

oo 

4-1 

CO 

CO 

OO 

•H 

d 

d 

■H 

r>. 

M 

K 

3 

W 

O 

XI 

C/2 

_vX 

+  |a^ 

(-1 

CO 

n  1 

m 

rH 

o 

d 

A 

o 

O-i 

CO 

0) 

T3 

4-> 

3 

d 

rH 

<u 

O 

j-i 

d 

cu 

M 

M-l 

•H 

•T3 

X) 

0) 

4-1 

CO 

o 

3 

d 

XI 

CO 

CO 

•H 

Q) 

U 

CO 

3 

u 

•Ul 

0) 

CO 

4-1 

^1 

dl 

cu 

CX 

a 

<v 

OJ 

4J 

a 

CO 

4-1 

CO 

o 

d 

OJ 

x:  II 

4.) 

xi 

4-1  -v 
•H 

S  OJ 
CO 

d  3 

O  XI 
CO  cO 
•H 

P  01 

CO  U  • 

tX  3  OJ 

a  +J  4-J 

O  CO  CO 

O  J-l  M 

a; 

d  CX  00 
CO  a  d 

a  4-1  N 

II  0) 
H  itl 

X 
CO 


fx 


CO 


Table  251.    Effect  of  storage  time  (twelve 
eighteen  months)  on  percent  change  in 
patty  diameter  during  cooking  for  ground 
beef  patties  with  soy 


Evaluation  time,  months 


12  18 


-17.07  +  .28a  -15.35  +  .28b 


ab    Difference  between  means  significant 

(P<.05);  Mean  +  S.E.  Includes  only  0°F  in 
96  hr  freezing  rate,  nonabused  product. 
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Percent  moisture  in  raw  patties  did  not  appear  in  a  general  sense  to 
he  tjreatly  affected  by  the  study  (Tablo  ?5?).     Some  slight  f  nrciul  at  i  on 
differences  in  percent  moisture  did  appear  (higher  for  product  used  in  0°F 
in  24  and  12  hour  rates,  lower  for  0°F  in  '18  hour  rate).     Ttiis  trend  was 
evident  after  freezing  and  after  six,  eighteen  and  twenty-four  months  of 
storage  (Table  ?53).     Data  adjustments  for  the  prefrpeziny  differences  in 
percent  moisture  still  caused  the  values  for  the  n°F  in  48  hour  product  to 
be  higher  (rather  than  lowest)  in  comparison  to  the  other  rates  at  six 
months  (Table  254).    A  similar  situation  occurred  at  eighteen  months  of 
storao".     For  patties  initially  stored  at  -l('i°F,  patties  frozen  to  n°F  in 
72  hours  had  (nore  moisture  than  patties  frozen  to  0°F  in  96  hours  following 
nine  months,  while  patties  initially  stored  at  0°F,  the  0°F  in  72  hour  rate 
had  more  moisture  in  raw  patties  than  the  ()°F  in    48  hour  rate  (Table  255). 
Adjusting  the  data  for  prefreezing  differences  coupled  with  r^analyses 
eliminated  many  of  these  differences  (Table  256). 

Storage  from  six  to  nine  months  reduced  moisture  while  storage  from 
nine  to  twelve  months  showed  an  increase  in  moisture  content  (Table  257). 
Between  eighteen  and  twenty-four  months,  percent  nioisturo  decreased 
especially  for  the  0°F  in  72  hour  rate  (Table  258).     Adjusting  these  data 
for  prefreezing  differences  didn't  eliminate  storage  time  difference,  but 
resulted  i  ti  many  of  tne  rate  effects  from  being  different  (Table  259). 
After  twenty-four  months  of  storage,  all  temperature  coi"bi  nat  i  ons  had  less 
moisture  content  in  patties  compared  to  just  post-freezing,  except  for  the 
patties  initially  and  finally  stored  at  -1{1°F  (Table  260). 
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Table  253.    Effect  of  freezing  rate  on  percent  moisture  in  raw 
patties  with  soy  at  various  storage  times 


 Freezing  rate,  hours  to  0°F  

Eval  uati  on 

time  24  48  72  96 


Before  freezing 

63 

.9 

+ 

.26a 

61 

.9 

+ 

.26b 

63 

.6 

+ 

.26a 

62 

6 

+ 

Immediately  after 
freezing,  1  day 

63 

42 

+ 

.17a 

62 

.21 

+ 

.17b 

63 

.53 

+ 

.17a 

62 

.26 

+ 

6  months 

63 

.79 

+ 

.16a 

63 

.15 

+ 

.16b 

63 

.85 

+ 

.  16a 

62 

.70 

+ 

18  months 

63 

3 

+ 

.llab 

62 

.0 

+ 

.11c 

64 

.0 

+ 

.11a 

62 

.5 

+ 

24  months 

62 

53 

+ 

.16ab 

61 

.51 

.16b 

63 

.10 

+ 

.19a 

abc    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  +  S.E. 
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Table  254.     Effect  of  freezing  rate  on  percent  moisture  In  raw  ground  beef 
patties  with  soy  following  six  and  eighteen  months  storage  - 
data  adjusted  for  differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72  96 


6  62.92  +  .16b    64. 27+. 16a      63. 23+. 16b    63. 08+. 16b 

18  62.44  +  .lib    63.14  +  .llab    63.38  +  .11a    62.93  +  .llab 


ab  Means  on  the  same  line  with  the  same  letters  are  not  different 
(P>.05).     Mean  +  S.E. 


1121Q,  p.  9 
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Table  255.     Interaction  effect  of  initial  storaqe  temperature  and  rate  of 
freezinc  on  uercent  moisture  in  ravv  grouna  oeet  !;atties  '.vith 
soy  followina  nine  months  of  storage 


 Freezing  rate,  tiours  to   

Initial  storaoe 

temperature,  °F  7A  43  72  96 

-10  63.0  +  .30a         62.4  +_  .30ao       63.8      .3ua       bl.^  +  .30b 

0  62. S  +  .3raD       51.3  +  .30b         ^3.2  +  .30a       6/. 3  +  .3oaP 


ab    Any  mean  cOm  pari  son  witn  aifferent  letters  ar-.^r  different  (FX.  Ob); 
isean  +  S.r. 
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Table  256.     Interaction  effect  of  initial  storage  temperature  and  freezing 
rate  on  percent  moisture  in  raw  ground  beef  patties  with  soy 
following  nine  months  storage  -  data  adjusted  for  differences 
prior  to  freezing 


Freezing  rate, 

hours 

to  0°F 

Initial  storage 
temperature,  °F 

24 

48 

72 

96 

-10 
0 

62 
61 

.16  + 
.78  + 

.30ab 
.30b 

63.51  +  .30a  63 
62.45  +  .30ab  62 

.14  + 
.62  + 

.30ab  61. 
.30ab  62. 

77  + 
69  + 

.30b 
.30ab 

ab  Any  mean  comparison  with  the  same  letters  is  not  different  (P>.05). 
Mean  +  S.E. 


1121Q,   p.  16 


Table  257.    Effect  of  various  storage  time 
comparisons  on  percent  moisture  in  raw 
ground  beef  patties  with  soy 


 Evaluation  times  

Immediately  following 

freezing,  1  day  24  months  

62.5  +  .12a  62.3  +  .12b 

6  months  9  months  

63.4  +  .12a  62.5  +  .12b 

9  months  12  months  

61 .9  +  .25b  62.9  +  .25a 

ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05); 
Mean  +  S.E. 


Table  258.   Interaction  effect  of  storage  time  (eighteen, 
twenty-four  months)  and  rate  of  freezing  on 
percent  moisture  in  raw  ground  beef  patties 
with  soy 


Freezing  rate. 

hours 

to 

0°F 

Eva  1 u at  ion 
time,  months 

24 

48 

72 

18 

63 

.31 

+  .082b 

62.02  +  .082d 

64 

.00 

+  .082a 

24 

62 

54 

+  .082c 

61.51  +  .082e 

62 

.92 

+  .12bc 

abcde    Any  mean  comparisons  with  different  letters  are  different 
(P<.05);  Mean  +  S.E. 


Table  259.     Interaction  effect  of  storage  time  (eighteen,  twenty-four 
months)  and  rate  of  freezing  on  percent  moisture  in  raw 
ground  beef  patties  with  soy  -  data  adjusted  for 
differences  prior  to  freezing 


 Freezing  rate,  hours  to  0°F  

Evaluation 

time,  months  24  48  72 


18  62.44  +  .082b      63.14  +  .082a      63.38  +  .082a 

24  61.66  +  .082c      62.63  +  .082b      62.30  +  .082b 


abc  Any  mean  comparison  with  different  letters  is  different  (P>.05). 
Mean  +  S.E. 


1121Q,  p.  8 
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As  would  be  expected,  percent  fat  in  raw  patties  reflect  the 
reciprocal  of  percent  n^oisture  in  raw  patties;  slightly  higher  for  n°F  in 
48  hour  rate  product  and  slightly  lower  for  n°F  in  72  hour  rate  product 
(Tablo  ?f,l).     After  post  storage  tines,  0°F  in  nn  and  9*^  hour  (latties  had 
more  fat  than  0°F  in  24  and  72  hour  rate  patties  (Table  262).  Adjusting 
the  data  for  prefreezing  differences  elii^iinated  rrost  of  the  rate  effects 
excef)t  for  six  nontlis  (Table  263).     Fat  levels  at  nine  months  '.vere  similar 
between  0°F  in  24  and  48  hour  patties  if  initial  storage  was  at  -lO'^F,  but 
were  higher  for  the  0°F  in  48  hour  product  if  storage  was  at  n°F  (Table 
264).     Adjusting  tnese  resiilts  for  prefreezing  differences  in  the 
formulations  removed  many  of  these  effects  (Table  265).     Patties  stored  for 
nine  months  possessed  more  fat  than  patties  stored  for  six  nonths  (Table 
266). 

To  some  degree,  formulations  that  had  the  highest  (0°F  in  24  and  72 
hours)  and  lowest  (0°F  in  48  and  96  hours)  moisture  levels  in  the  raw  state 
also  had  the  highest  and  lowest  levels  in  the  cooked  state  (Table  267). 
After  both  six  and  nine  months  of  storage,  -10°F  produced  more  moisture  in 
cooked  pattips  than  0°F  (Table  268).    At  six  months,  n°F  final  storage 
resulted  in  higlier  moisture  in  patties  than  +20°F  storage  (Table  269). 
Again,  at  nine  months,  the  colder  (-in°F)  final  storage  temperature 
produce'^  more  moisture  in  cooked  patties  (Table  270).     Following  twelve 
months  of  storage,  0°F  in  24  hour  freezing  rate  exhibited  more  moisture  in 
cooked  patties  than  the  (^°F  in  96  fiour  rate.     Compared  to  the  (i°F  in  24  and 
72  hour  rates,  n°F  in  48  liours  showed  less  moisture  in  cooked  patties  at 
twenty-four  months  (Table  271). 
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Table  262.  Effect  of  freezing  rate  on  percent  fat  in  raw  ground  beef  patties 
with  soy  following  various  storage  times 


Freezing  rate,  hours  to  0°F 


Evaluation  time 

24 

48 

72 

96 

Before  freezing 

17 

.59 

+ 

34b 

19 

.6 

+ 

.34a 

17 

94 

+ 

.34ab 

19 

02 

+ 

.34ab 

Immediately  after 
freezing,  1  day 

18 

.15 

+ 

18ab 

19 

32 

+ 

.18a 

17 

65 

+ 

18b 

19 

.25 

+ 

.18a 

6  months 

17 

.95 

+ 

15b 

19 

08 

+ 

.15a 

17 

8 

+ 

.15b 

19 

.19 

+ 

.15a 

18  months 

18 

.09 

+ 

23b 

19 

.80 

+ 

.23a 

17 

.79 

+ 

.23b 

19 

.74 

+ 

.23a 

24  months 

18 

.19 

+ 

.12b 

19 

.84 

+ 

.12a 

18 

.21 

+ 

.16b 

ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05);  Mean  j^S.E. 
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Table  263.     Effect  of  freezing  rate  on  percent  fat  in  raw  ground  beef 

patties  with  soy  following  six  months  storage  -  data  adjusted 
for  differences  prior  to  freezing 


Freezing 

rate,  hours  to  0  °F 

24 

48 

72  96 

18.89  + 

.15a 

18.02  +  .15b 

18.39  +  .15ab    18.71  +  .15a 

ab  Means  on  the  same 

line 

with  the  same 

letters  are  not  different 

(P>.05).     Mean  +  S.E. 


1121Q,  p.  10 
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Table  264,      Interaction  effect  of  initial   storage   temperature  and 
rate  of   freezine   on   percent    fat    in   rav/  proumi  hpef 
patties  v'itb   soy   follovin^  nine  months  of  storage 


Freezing   rate,    hours   to   l>  °  F 

Initial    s  t  o  r  a  e 

temperature,    °F  24  48  72  96  

-10  18.17  +_  .24bc       1^.31  +_  .24ab         17.72  +_  .24c  20.24  +_  .24a 

0  18.31   +   .24bc       20.25  +   .24a  17.^9  +   .24c  19.57  +  .24a 


abc     Any  mean   comparisons  witli  different   letters   are  different  (P<.05); 
e  a  n  +   S  .  . 
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Table  265.     Interaction  effect  of  initial  storage  temperature  and  freezing 

rate  on  percent  fat  in  raw  ground  beef  patties  with  soy  following 
nine  months  storage  -  data  adjusted  for  differences  prior  to 
freezing 


Freezing  rate,  hours  to 

0°F 

Initial  storage 
temperature,   °F  24 

48  72 

96 

-10                    19.11  +  .24ab 
0                   19.25  +  .24ab 

18. 
19. 

25  +  .24b      18.31  +  .24b 
19  +  .24ab    18.58  +  . 24ab 

19.76  + 
19.09  + 

.24a 
.24ab 

ab  Any  mean  comparison  with  the 

same 

letters  is  not  different 

(P>.05). 

Mean  +  S.E. 


1121Q,  p.  18 


Table  266.  Effect  of  storage 
time  (six,  nine  months)  on 
percent  fat  in  raw  ground  beef 
patties  with  soy 


Eval uat  ion 

t  ime , 

months 

6 

9 

18.51  +  .lib 

18 

.94  +  .11a 

ab  Difference  between  means 
significant  (P<.05); 
Mean  +  S.E. 
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Table  268.    Effect  of  initial  storage  temperature 
with  storage  times  on  percent  moisture 
in  cooked  beef  patties  with  soy 


Initial  storage  temperature,  0°F 

Eval uation 

time,  months  -10  0  

6  52.43  +  .16a       51.86  +  .16b 

12  52.0    +  .15a       51.29  +  .15b 


ab    Means  on  the  same  line  with  different  letters 
are  different  (P<.05);  Mean  ^^  S.E. 
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Table  259.    Effect  of  final  storage  temperature  on  percent  moisture  in 
cooked  beef  patties  with  soy  following  six  months  storage 


Final 

storage 

temperature,  °F 

Temperature  abuse  -10 

0 

20 

T                      52.33  +  .23ab 
N 

52.72 

+  .23a  51.68 
51.85 

+  .23b 
+  .23ab 

ab    Any  mean  comparison  with  the  same 

letter 

is  not  different 

(P>.05); 

Mean  +  S.E.;  T  =  Temperature  abused;  N  =  Not  temperature  abused. 
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Table  270.    Effect  of  final  storage 
temperature  on  percent  moisture  in 
cooked  beef  patties  with  soy  followi 
nine  months  storage 


Final  storage  temperature,  O'F 
-10  0 


52.35  +  .18a       51.72  +  .18b 


ab    Difference  between  means 
significant  (P<.05); 
Mean  +  S.E. 
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Table  271.    Effect  of  freezing  rate  on  percent  moisture  in  cooked 
beef  patties  with  soy  at  various  storage  times 


 Freezing  rate,  hours  to  0°F  

Eval uation 

time,  months  24  48  72  96 

12  53.09  +  .27a       52.12  +  .27ab       52.28  +  .31ab       51.45  +  .27b 

24  52.93  +  .14a       52.05  +  .14b         52.62  +  .14a 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05); 
Mean  +  S.E. 


\ 
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Storage  time  comparisons,  especially  v-/ith  values  obtained  just  after 
freezing  created  less  moisture  in  cooked  patties  (Table  71?).  Freezing 
produced  reductions  in  cooked  r.oisture  values  for  the  fi°F  in  ?A  anri  96  hour 
rates,  hut  not  the  0°F  in  1?  and  '.-(6  hour  rates  (Table  ?73).  Patties 
initially  stored  at  ii°F  and  finally  stored  at  +2n°F  following  six  months 
storage  displayed  lower  moisture  in  cooked  form  than  patties  tested  just 
after  freezing  (Table  274).     F'etweon  six  and  nine  months,  cooked  r^ioisture 
values  decreased  only  if  the  initial  storage  temperature  v/as  -10°F  (Table 
275).     The  same  situation  occurred  if  the  final  storage  temperature  was  0°F 
(Table  716).     An  interaction  of  storage  time  (nine,  twelve  months)  iriitial 
and  final  temperatures  was  detected  (Talkie  7.11),  but  the  values  followed  no 
logical  pattern.     After  tv/elve  months  storage,  regardless  of  temperature  of 
no  abuse,  patties  initially  stored  at  n°F  and  finally  at  -10°F  had  less 
p'oisture  in  cooked  form  than  patties  immediately  evaluated  after  freezing 
(Table  278).     There  were  indications  of  a  slight  decline  in  percer^t 
moisture  between  twelve  and  eighteen  months  if  patties  were  finaly  stored 
at  n°F  (Table  279).     Between  just  post-freezing  and  twenty-four  months  of 
storage,  moistur-^  content  in  cooked  patties  did  not  decline  if  frozen  to 
0°F  in  24  hours  (Table  280).     However,  most  i n 1 1 i a  1 -f i nal  temperature 
combinations  for  the  O'^F  in  48  hour  rate  generated  reductions  in  moist'ire 
level  of  cooked  patties. 

The  general  data  pertaining  to  percent  fat  in  cooked  patties  is 
illustrated  in  Table  281.     As  would  somewtiat  be  exjoected  from  the  cooked 
patty  moisture  data,  percent  fat  was  slightly  lower  in  patties  frozen  to 
n°F  in        hours  and  sligfitly  liigher  in  jjatties  frozen  to  n°F  in  "b  hours 
(Table  2^1).     This  trend  respective  to  freezing  rate  was  notod  immediately 


Tahlp  272.  Fffpcts  of  vgriotis  storage  tinp 
con  pari  sons  on  [)orcont  "loistiire 
in  cnoked  heef  (lattios  »-/ith  S03' 


F  va  1  iiat  i  011 

t  ii'ies 

Ir^mediately 
f reezi  no , 

f 0 1 1 owi  nq 
1  liay 

^  'months 

+  .?0a 

5? 

.5':>  +  .?nb 

In^ppHi  ately 
f  ropzi  n(| , 

fnl 1 owi  ng 
1  day 

«  'Months 

S3.^>7  +  .?la 

5? 

.04  +  .?lh 

IimeHi  atoly 
f reezi  ng , 

foil  ov'i  ng 
1  day 

1?  !Pon+;hs 

53.67  +  .^la 

51 

.R5  +  .^Ih 

Ii^merii  ately 
f reezi  ng , 

f ol 1 owi  ng 
1  day 

IP'  months 

53.67  +  .?la 

51 

+  .1^^ 

IP  months 

?4  nonths 

53.      +  .10a 

5? 

.57  +  .l^h 

ah    Oifferencos  between  mpans  on  the 
same  line  are  significant  fP<.n5); 
''ean  +  S.F. 
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Table  273.  Interaction  effect  of  storage  time  (before  freezing, 
immediately  following  freezing)  and  freezing  rate  on 
percent  moisture  in  cooked  beef  patties  with  soy 


Freezing  rate,  hours  to  0°F 


Eval uation 
time,  months 

24 

48 

72 

96 

Before  freezing 

57 

.34  + 

.46a 

55 

.52  + 

.46abc 

55 

43  + 

.46abc 

55 

71  + 

.46ab 

Immediately  after 
freezing,  1  day 

53 

58  + 

.46cd 

54 

.04  + 

.32bcd 

54 

.37  + 

.32bcd 

52 

72  + 

.32d 

abed    Any  mean  comparison  with  different  letters  is  different  (P<.05);  Mean  ^^  S.E. 
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Table  275.    Interaction  effect  of  storage  time 
(six,  nine  months)  and  initial  storage  temperature 
on  percent  moisture  in  cooked  beef  patties  with  soy 


Initial  storage  temperature,  0°F 

Eval uation 

time,  months  -10  0  

6  52.89  +  .17a       52.16  +  .17b 

9  51.86  +  .17b       52.21  +  .17ab 


ab    Any  mean  comparison  with  the  same  letter  is 
not  different  (P>.05);  Mean  +  S.E. 


Table  276.     Interaction  effect  of  storage  time 
(six,  nine  nonths)  anr*  final  storage  temperature 
on  percent  moisture  in  cooked  heef  patties  with  soy 


Final   storage  teinperature ,  0°F 

Eval uat  i  on 

time,  months  -10  i) 


6  62.33  +  .17ah      52.72  +  .17a 

9  52. 3S  +  .17ah      51.72  +  .17b 


ab    Any  mean  comparisons  with  the  same  letters  are 
not  different  (P>.n5);  f^ean  +  S.E. 
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Table  277.  Interaction  effect  of  storage  time  (nine,  twelve  months), 
final  storage  temperature  and  initial  storage  temperature 
on  percent  moisture  in  cooked  beef  patties  with  soy 


Initial  storage  temperature,  °F 

Evaluation  Final  storage 

time,  months       temperature,  °F  -10  0 


9 

-10 

51 

.12 

+ 

.22ab 

51.32 

+ 

.22ab 

0 

51 

.11 

+ 

.22ab 

50.55 

+ 

.22b 

12 

-10 

51 

99 

+ 

.22a 

50.91 

+ 

.22ab 

0 

52 

02 

+ 

.22a 

51.68 

+ 

.22ab 

ab    Any  mean  comparison  with  the  same  letter  is  not  different 
(P>.05);  Mean  +  S.E. 
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Table  279.    Interaction  effect  of  storage  time 
(twelve,  eighteen  months)  and  final  storage 
temperature  on  percent  moisture  in  cooked  beef 
patties  with  soy^ 


Final  storage  temperature,  0°F 

Eval  uation 

time,  months  ^10  0  

12  51.63  +  .14         52.07  +  .14 

18  51.87  +  .14         51.45  +  .14 


^Interaction  significant  (P<.05)  by  analyses  of 
variance,  but  not  HSD.    Mean  +  S.E. 
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following  frppzing  and  after  six,  einhteen  and  twenty-four  rtonths  of 
storage  (Tahlp  ?H'^).     An  interaction  (P<.n5)  for  freeziny  rate  and 
evaluation  just  before  and  after  freezing  was  noted  for  [j^^rcent  fat  (Table 
283).     For  soiiie  reason,  fat  values  for  0°F  in  24  hour  frozen  patties  v/ppe 
much  loss  before  vs  after  freezing.     This  did  not  occur  for  the  other 
rates.     At  six  months,  product  initially  held  at  -10°F  ha-^  slightly  less 
fat  than  patties  held  at  n'^F  (Table  2S'0 .     Following  six  nonths  of  storage, 
+  ?ii°F  stored  product  had  more  fat  than  patties  held  at  r,°F  (Table  ?'^5).  At 
nine  months  of  storage,  more  fat  was  noted  in  cooked  patties  from  the  0°F 
in  9f>  hour  rate,  hut  n-.ainly  if  they  ■/pre  initially  stored  at  0°F  (Table 
286).     After  twelve  months  of  storage,  for  patties  initially  stored  at  n°F, 
those  finally  stored  at  -in°F  had  more  fat  in  cooked  product  than  those 
stored  a^  '^°F  (Table  287).     Nonabused  product  had  slightly  more  fat 
following  twelve  months  than  abused  product  (Tahle  2'^.^). 

Six,  nine  and  twelve  month  coniparisons  with  immediately  post-freezing 
showed  increases  in  percent  fat  in  cooked  patties  (Table  28'-)).     Several  of 
the  temperature  combinations  (especially  those  including  +2n°F  final 
storage  terr-perature  produced  more  fat  in  cooked  patties  at  six  i^onths  than 
what  was  noted  immediately  post-freezing  (Table  2P0).     Nine  months  of 
storage  produced  an  increase  in  cooked  fat  over  six  montt^s  for  patties  held 
at  -10°F  initial  temperature,  but  not  at  0°F  initial  temperature  (Table 
291).     Also,  for  j.attips  held  finally  at  0°F,  an  increas*-^  in  fat  occurred 
between  six  and  nine  months;  this  did  not  occur  for  patties  finally  stored 
at  -in°F  (Table  292).     At  nine  months  of  storage,  son^e  of  the  i  ni  t  i  al -f  i  nn  1 
temperature  combinations  showed  increases  in  cooked  fat  content  (prol'iably 
due  to  decreasi.^s  in  moisture  during  storage)  for  both  the  O'^F  in  <18  and  Ofi 
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Table  284.    Effect  of  initial  storage  temperature  on  percent  fat  in  cooked 
beef  patties  with  soy  following  six  months  storage 


Initial  Storage  Temperature,  °F 
-10  0 


18.58  +  .103b        18.95  +  .103a 


ab  Difference  between  means  are  significant  (P<.05).    Mean  +  S.E. 
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Table  285.    Effect  of  final  storage  temperature  on  percent  fat  in 
cooked  patties  with  soy  following  six  months  storage 


Fi  nal 

Storage  Temperature, 

°F 

Temperature 
Abuse 

-10 

0 

20 

T 

18.70  +  .14bc 

18.16  +  .14c 

19. 

38  + 

.14a 

N 

18. 

83  + 

.14ab 

abc    Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 
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T^hlp  'p.'il ,     fntpractiop  pffpct  of  fin,Tl  stnp'inp  tpr^p.prat.nr"  d^'^  initin 
storago  topi|)pratiirc  on  fjorcont.  f-^t.  in  coo'^'ed  J^oof  ji.itt.ii'S 
with  soy  ff)llowin'j  tv^plvo  riont*^''^  of  storrTtjo 


Initial   '^torcUjP  Ti'r'ppratiiro ,  °F 


^  i  rvi  1   Stor-^. qp 
T'-^j  ipratiiro ,  °F 


-1" 


1 9.44  +  .1  Sab 
in.'!7  +  JSah 


^0.1  +  . 1 5d 

1  0  .  ,1    +    .  1  5  h 


ah  Any  -^pan  C()n(ja  ri  sons  with  the  sa'^*^  letters  are  not  f'i^f'^rpnt  (^>.'^S). 
"ean  +  '-\E.     Includes  only  0°F  in  '^'S-I'our  fropzinc  rate. 


(I 


335 

Table  288.    Effect  of  temperature  abuse  on  percent  fat  in  cooked  beef 
patties  with  soy  following  twelve  months  storage 


Temperature  Abuse 
T  N 


19.32  +  .104b        19.88  +  .104a 


ab  Difference  between  means  significant  (P<.05).    Means  +  S.E. 


(I 
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Table  289.    Effect  of  various  storage  time  comparisons  on  percent  fat  in 


cooked 

beef  patties  with  soy 

Evaluation  time  comparisons 

Immedi  ately 
f reezi  ng , 

f ol 1 owi  ng 
1  day 

6  months 

17,93  + 

.12b 

18.75  +  .12a 

Immedi  ately 
f reezi  ng , 

f ol 1 owi  ng 
1  day 

9  months 

18.72  + 

.28b 

20.13  +  .28a 

Immedi  ately 
f reezi  ng , 

f ol 1 owi  ng 
1  day 

12  months 

17.93  +  .16b  18.99  +  .16a 


ab  Difference  between  means  significant  (P<.05);  Mean  +  S.E. 
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Table  291.    Interaction  effect  of  storage  time  and  final  storage 
temperature  on  percent  fat  in  cooked  beef  patties 
with  soy 


Initial 

Storage 

Temperature,  °F 

Eval uati  on 
Time,  months 

-10 

0 

6 

18.22  + 

.15b 

18.64  +  .15b 

9 

18.99  + 

.15a 

18.60  +  .1 5b 

ab  Any  mean  comparison  with  different  letters  is  different  (P<.05). 
Mean  +  S.E. 


,1 
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Table  292.     Interaction  effect  of  storage  time  (six,  nine  months)  and 
final  storage  temperature  on  percent  fat  in  cooked  beef 
patties  with  soy 


Final  Storage 

Temperature , 

°F 

Eval uation 
Time,  months 

-10 

0 

6 

18.7    +  .15ab 

18.16  + 

1  5b 

9 

18.6    +  .15ab 

18.99  + 

.1  5a 

ab  Any  mean  comparison  with  the  same  letters  is  not  different 
(P>.05).    Mean  +  S.E. 
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hour  rates  (Table  ,?93).     Patties  stored  at  0°F,  botli  initially  and  finally, 
possessed  an  increase  in  cooked  fat  content  at  nirn^  ivonttis  over  that  noted 
innediately  following  freezing  (Table  294).     '-^etv/een  nine  and  twelve 
rionths,  cooked  fat  increased  only  in  the  0°F  in  72  fi(.)ur  ratp  (Table  29b) 
while  decreasing  only  in  the  0°F  final  storage  temperature  (Table  296). 
Teriperature  abuse'^  product  decreased  in  cookei  fat  percentage  betv-ieen  nine 
and  twelve  inontris,  while  nonahuspd  patties  underwent  no  change  (Talkie  297). 
At  twelve  i^'onths  of  storage,  all  initial  and  final  teii[-ie  nature  conhi  nations 
exhibited  an  increase  in  cooked  fat  content  compared  to  just  post-freezing 
with  the  exception  of  n°F  initial  and  final  temperature  (Table  29H). 
Nonabused  patties  initially  stored  at  n°F  and  finally  stored  at  -10°F  tiad 
more  cooked  fat  t^an  patties  evaluated  just  after  frepzing  (Table  299).  At 
twenty-four  months,  the  only  treatment  combination  to  differ  (higher)  in 
contrast  to  just  post-freezing  was  -10°F  initial  and  0°F  final  tpp'|)erature 
(Table  300). 

Values  for  general  data  on  expressible  moisture  are  presefited  in  Table 
301.     The  values  carry  no  quantitative  meaning,  but  the  larger  the  number 
the  higher  the  expressible  moisture.     Values  were  somewhat  variable  but 
were  generally  lowest  for  the  0°F  in  9r,  hour  rate.     Higher  values  for  the 
0°F  in  24  and  ^8  hour  rates,  in  contrast  to  0°F  in  72  and  9b  hour  rates, 
were  observed  after  six  i-onths  storage  (Table  302).     between  just 
post-freezing  and  eighteen  r'onths  of  storage,  expressible  moisture 
increased,  while  six  vs  nine  ani-  eighteen  vs  twenty-four  p'oriths  storage 
showed  lower  expressible  moisture  with  storage  (Table  303).  Following 
eighteon  rronths  of  storage,  just  tiie  0°F  initial   and  final  storage 
tei^'perature  combination  producer!  higfier  expressible  moisture  to  that  found 
just  after  freezing  (Table  SO'i ) . 
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Table  296.    Effect  of  storage  time  (nine,  twelve  months)  and  final  storage 
temperature  on  percent  fat  in  cooked  beef  patties  with  soy 


Fi  nal 

Storage 

Temperature,  °F 

Eval uat  i  on 
Time,  months 

-10 

0 

9 

19. 

88  + 

.13ab 

20.26  +  .13a 

12 

19. 

77  + 

.1  3ab 

19.43  +  .13b 

ab  Any  mean  comparisons  with  the  same  letter  are  not  different  (P>.05). 
Mean  +  S.E. 
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Table  297.     Interaction  effect  of  storage  time  (nine,  twelve  months)  and 

temperature  abuse  on  percent  fat  in  cooked  beef  patties  with  soy 


Temperature 

Abuse 

Eval uation 

Time,  months 

T 

N 

9 

20.11 

+ 

.1  3a 

20.03  + 

.1  3a 

12 

19.32 

+ 

.13b 

19.88  + 

.1  3ab 

ab  Any  mean  comparisons  with  different  letters  are  different  (P<.Ob). 
Means  +  S.E.    T  =  temperature  abused,  N  =  not  temperature  abused. 
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Table  302.    Effect  of  freezing  rate  on  expressible  moisture  in  raw 
ground  beef  patties  with  soy  at  various  storage  times 


 Freezing  rate,  hours  to  0°F  

Eval uation 

time,  months  24   48  72   96 


6  .014  +  .00025ab      .015  +  .00025a      .014  +  .00025b      .014  +  .00025b 

24C  .013  +  .00039         .012  +  .00039        .012  +  .00039 


ab    Means  on  the  same  line  with  different  letters  are  different  (P<.05); 
Mean  +  S.E. 

^Difference  due  to  freezing  rate  significant  due  to  analysis  of  variance,  but 
not  by  HSD  test. 


Table  303.  Effect  of  various  storage  time 
comparisons  on  expressible  moisture  in  raw 
ground  beef  patties  with  soy 


Evaluation  times 


Immediately  following 

freezing,  1  day  18  months 


.013  +  .00014b 
5  months 


.014  +  .00016a 
18  months 


.015  +  .00026a 


.015  +  .00014a 
9  months 


.013  +  .00016b 
24  months 


.012  +  .0003b 


ab    Means  on  the  same  line  with  different 
letters  are  different  (P<.05); 
Mean  +  S.E. 
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